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Preface 
 

This manual provides a compilation of approved Test Methods, Forms, and Standard Practices to be used to test 
materials on Alaska Department of Transportation & Public Facilities (DOT&PF) projects.   

Most of these testing procedures follow two nationally recognized standards: American Society for Testing and 
Materials (ASTM) and the American Association of State Highway and Transportation Official (AASHTO).  
Modifications to these standards are in recognition of the necessity of adjusting test requirements to meet local 
demands and/or naturally occurring materials. 

This manual also includes Field Operating Procedures (FOPs) for existing AASHTO test methods.  These 
procedures are developed and maintained by the Western Alliance for Quality in Transportation Construction 
(WAQTC).   The FOPs select options and provide concise directions in the use of the AASHTO methods.   

In addition, this manual includes WAQTC test methods that are not covered by AASHTO or ASTM.  These 
methods have been submitted to AASHTO for adoption.  Other procedures were developed by the Alaska 
DOT&PF to address specific needs in the State of Alaska that are not adequately covered in AASHTO, ASTM, or 
WAQTC. 

The Appendix contains standardized practices to be used by all DOT&PF regional and/or field laboratories 
including consultant fixed and field laboratories. 

This Alaska Test Methods Manual supercedes all previously issued and is effective April 15, 2009.  Any 
additions, deletions, or revisions to these procedures shall be made through the office of the Chief Engineer. 

 

Signed:________________________________________________      Date:________________________ 
 Roger Healy, P.E. 
 Chief Engineer 
 Design and Engineering Services Division 
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Fourth Edition Printing, April 15, 2009 
 
List of Revisions for this edition: 
 

1. TOC Added WAQTC TM 12 and SP 4 to the Table of Contents. Changed WAQTC TM 5 to 
FOP for AASHTO R 47. 

2. 202—WAQTC FOP for AASHTO T 255/T 265—Minor editorial changes only. 
3. 204—WAQTC FOP for AASHTO T 89—Minor editorial change only. 
4. 205— WAQTC FOP for AASHTO T 90—Minor editorial change only. 
5. 207—WAQTC FOP for AASHTO T 99/ T 180—Minor editorial changes only. 
6. 213—WAQTC FOP for AASHTO T 310—Added the following language to the addendum:  

“The Project Engineer may waive this requirement when testing surface course and the Standard Density 
is determined using WAQTC FOP for AASHTO T 99/T 180.  In this case, the percent coarse (oversized) 
for calculating the corrected density shall be established from prior gradations of the same material…”  
Additional minor editorial and clarification changes were made. 

7. 214—WAQTC FOP for AASHTO T 224—Minor editorial changes only. 
8. 301—WAQTC FOP for AASHTO T 2—Minor changes for clarification. 
9. 303– WAQTC FOP for AASHTO T 248—Added clarification to mechanical splitter method.  A 

diagram of a method for correcting a difference greater than 5% between the pans. 
10. 304—WAQTC FOP for AASHTO T 11/ T 27—Editorial and clarification changes only.  Added 

alternate, mathematically equivalent calculation method for Method C to the addendum. 
11. 305—WAQTC FOP for AASHTO TP 61—Minor editorial and clarification changes only. 
12. 307—WAQTC FOP for AASHTO T 176—Minor editorial changes only. 
13. 308—WAQTC FOP for AASHTO T 85—Minor editorial changes only. 
14. 401—WAQTC FOP for AASHTO T 40—The following language has been added to the 

Addendum; When material is sampled by other than DOT&PF personnel or their agent(s), the 
sampling must be witnessed and immediate possession taken by DOT&PF personnel or their 
agent(s). 

15. 402—WAQTC FOP for AASHTO T 168—Removed the scoop method and the conveyor belt 
method from the procedure.  Other changes were editorial and for clarification only. 

16. 403—Changes were editorial and for clarification only. 
17. 404—WAQTC TM 5—Title change to WAQTC FOP for AASHTO R 47 to reflect new 

AASHTO method. Added a mechanical splitter procedure.  A statement was added to the 
addendum stating that the mechanical splitter methods, unless specified, are not allowed. Other 
changes were editorial or for clarification. 

18. 406—WAQTC FOP for AASHTO T 308—Added language to the addendum clarifying that the 
nominal maximum size shall be determined from the job mix design.   Language was added for 
use of the IR ovens. 

19. 407—WAQTC FOP for AASHTO T 329—Method was changed to allow only one method for 
calculation of the moisture content.  Removed addendum as the addressed information was 
incorporated into the procedure. 



20. 408—WAQTC FOP for AASHTO T 30— Added the following language to addendum:  “If the mass 
requirement in Procedural step No. 1 is not met, a new portion of the sample shall be tested in accordance 
with WAQTC FOP for AASHTO T 308 to establish a new asphalt binder content  and a new Mf and M 
for T 30.  Also added formula to addendum. 

21. 409—WAQTC FOP for AASHTO T 209—Changes were for clarification only. 
22. 410—WAQTC FOP for AASHTO T 166/T 275—Minor editorial changes only. 
23. 411—WAQTC TM 8—Minor editorial changes only.  Added reporting requirement to 

addendum. 
24. 412—ATM TM 412—Control strip testing, made minor editorial changes. 
25. 413—WAQTC TM 11— The following language has been added to the Addendum: When 

material is sampled by other than DOT&PF personnel or their agent(s), the sampling must be 
witnessed and immediate possession taken by DOT&PF personnel or their agent(s).  Additional  
editorial changes we also made. 

26. 417—This method was revised to include information with using modified asphalts.  Removed 
the requirement for the compaction temperature from the Mix Design report. 

27. 501 thru 506—Added safety information regarding the handling of Portland cement. 
28. 507—WAQTC TM 12—Removed Alaska Test Method 507 for making grout cubes in the field 

and put  WAQTC TM 12 in its place.  Added an addendum with the old 507 language defining 
the terms “fluid” and “plastic”.  Also added language in addendum as follows:  “Applicable 
sections of AASHTO T 106 shall be followed for final curing, testing compressive strength, and 
reporting test results.”  This resulted in editorial changes only. 

29. SP-1—Added new terms and definitions for terms dealing with Quality Assurance; Quality 
Acceptance; Quality Control and new terms dealing with equipment calibration, standardization, 
verification, checks.  The terms and definitions agree with AASHTO PP 57, R10 and R18. 

30. SP 4—Added SP 4.  This is the random number information from WAQTC training making the 
information more accessible to the technician.  This is the method the DOT&PF has been using.  
This is not a change to our methods, rather an addition to the manual. 

31. SP-9—Deleted  
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*This Test Method has an Addendum attached which has specific instructions for the use of the noted test 
method by the State of Alaska DOT&PF. 
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Appendix 1     Standard Practice 
  Title Description  

SP 1 Terminology 

SP 2 Calibration of Mechanical Compaction Hammer/ Rammer 

SP 3 Reserved for Future Use 

SP 4 Random Sampling 

SP 5 Reserved for Future Use 

SP 6 Rounding and Precision in Materials Test Reporting 

SP 7 Determination of Outlier Test Results 

SP 8 Calibration of Pressure Type Air Meter 

SP 9 Deleted 

SP 10 Deleted for this publication 

SP 11 Reserved for Future Use 

SP 12 Reserved for Future Use 
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Sticks & Roots Content of Aggregate and Soil, ATM 201 
1. Scope 

This method describes the procedure for determining the percent of sticks & roots by wet mass of the total 
aggregate or soil sample. 

2. Significance 

This test would be used to quantify the organic content of soils for particles that are too large to test in accordance 
with ATM 203, Organic Content of Soils by Ignition. 

3. Apparatus 

• Balance or scale: capacity sufficient for the field sample mass, readable to 0.1 percent or 0.1 g and meeting 
the requirements of AASHTO M 231 

• 2.00 mm (No. 10) sieve conforming to AASHTO M 92 

• Miscellaneous equipment including pans, gloves, etc 

4. Sampling and Sample Preparation 

Obtain the sample in accordance with WAQTC FOP for AASHTO T 2.  The test will be performed on the 
complete as-received sample before drying. 

5. Procedure 

5.1. Determine the mass of the as-received sample to 0.1 percent or 0.1 g.  Record this as the Total Sample 
Mass. 

5.2. Separate the sample on a 2.00 mm (No. 10) sieve to ease identification of sticks & roots. 

5.3. Separate the sticks & roots from the plus 2.00 mm (No. 10) material and place in a separate pan. 

5.4. Determine the mass of the sticks & roots to 0.1 percent or 0.1 g.  Record this as the Sticks & Roots Mass. 

6. Calculations  

Calculate the percentage of Sticks & Roots by: 
Sticks & Roots, percent =  

100 x 
Mass Sample Wet Total
Mass Wet Roots&Sticks

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛  

 
7. Report 

Report the stick and root content on Department forms to the nearest 1 percent. 
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TOTAL EVAPORABLE MOISTURE CONTENT OF AGGREGATE BY DRYING 
FOP FOR AASHTO T 255 
LABORATORY DETERMINATION OF MOISTURE CONTENT OF SOILS 
FOP FOR AASHTO T 265 
 
Scope 
 
This procedure covers the determination of moisture content of aggregate and soil in accordance with AASHTO T 
255 and AASHTO T 265.  It may also be used for other construction materials. 
 
Apparatus 
 
• Balance or scale: capacity sufficient for the principle sample mass, accurate to 0.1 percent of sample mass or 

readable to 0.1 g, and meeting the requirements of AASHTO M 231 

• Containers (capable of being sealed)  

• Suitable drying containers 

• Microwave safe containers 

• Thermometer reading to 205 ±6°C (400 ±10°F) 

• Heat source , controlled:  

− Forced draft oven 

− Ventilated / convection oven 

• Heat source, uncontrolled:  

− Microwave oven (600 watts minimum) 

− Infrared heater, hot plate, fry pan, or any other device/method that will dry the sample without altering the 
material being dried 

• Utensils such as spoons 

• Hot pads or gloves 
 
Sample Preparation 
 
For aggregate, select the proper sample size based on Table 1 or other information that may be specified by the 
agency.  Obtain the sample in accordance with the FOP for AASHTO T 2.   

Immediately seal or cover samples to prevent any change in moisture content. 
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TABLE 1 
Sample Sizes for Moisture Content of Aggregate 

 
Nominal Maximum 

Size* 
mm (in.) 

Minimum Dry Mass
g (lb) 

4.75 (No. 4) 500 (1.1)
9.5 (3/8) 1500 (3.3)

12.5 (1/2) 2000 (4)
19.0 (3/4) 3000 (7)
25.0 (1) 4000 (9)
37.5 (1 1/2) 6000 (13)

50 (2) 8000 (18)
63 (2 1/2) 10,000 (22)
75 (3) 13,000 (29)
90 (3 1/2) 16,000 (35)

100 (4) 25,000 (55)
150 (6) 50,000 (110)

 
*  One sieve larger than the first sieve to retain more than 10 percent of the material using an agency specified set of 
sieves based on cumulative percent retained. Where large gaps in specification sieves exist, intermediate sieve(s) may 
be inserted to determine nominal maximum. 

For soil, select the proper sample size based on Table 2 or other information that may be supplied by the agency. 
 

TABLE 2 
Sample Sizes for Moisture Content of Soil 

 
Maximum Particle

Size 
mm (in) 

Minimum Dry Mass
g 

0.425 (No. 40) 10
4.75 (No. 4) 100
12.5 (1/2) 300
25.0 (1) 500
50 (2) 1000

 
 
Procedure 
 
For aggregate, determine and record all masses to the nearest 0.1 percent of the sample mass or to the nearest 0.1 
g.  For soil, determine and record all masses to the nearest 0.1 g. When determining mass, allow the sample and 
container to cool sufficiently so as not to damage or interfere with the operation of the balance or scale. 
1.   Determine and record the mass of the container. 

2. Place the wet sample in the container and record the total mass of the container and wet sample. 

3. Determine the wet mass of the sample by subtracting the mass in Step 1 from the mass in Step 2. 

4. Dry the sample to a constant mass in accordance with the directions given under Directions for Drying below.  
Measures will be taken to protect the scale from excessive heat while determining constant mass. 
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5. Allow the sample to cool and record the total mass of the container and dry sample. 

6. Determine the dry mass of the sample by subtracting the mass in Step 1 from the mass in Step 5. 

 

Directions for Drying Aggregate   
• Controlled (forced draft, ventilated or convection oven) 
 

1. Spread sample in the container. 
 
2. Dry to constant mass at 110 ±5°C (230 ±9°F).  Constant mass has been reached when there is less than a 

0.10 percent change after an additional 30 minutes of drying. 
 

• Uncontrolled  
Where close control of temperature is not required (such as with aggregate not altered by higher temperatures, or 
with aggregate that will not be used in further tests, or where precise information is not required), higher 
temperatures or other suitable heat sources may be used.  Other heat sources may include microwaves, hot plates, 
or heat lamps. 
 

─ Microwave oven 

1. Heap sample in pile in the center of the container and cover.  This cover must allow moisture to 
escape. 

2. Dry to constant mass. Constant mass has been reached when there is less than a 0.10 percent change 
after at least an additional 10 minutes of drying. 

Caution: Some minerals in the sample may cause the aggregate to overheat altering the aggregate 
gradation. 

       ─ Hot plates, heat lamps, etc. 

1. Spread sample in container. 

2. Stir the sample frequently to avoid localized overheating and aggregate fracturing. 

3. Dry to a constant mass.  Constant mass has been reached when there is less than a 0.10 percent 
change after at least an additional 20 minutes of drying. 
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Directions for Drying Soil 
 
• Oven (preferably forced draft/air) 

1. Place sample in container. 

2. Dry to constant mass at 110 ±5°C (230 ±9°F). Constant mass has been reached when there is no change 
after an additional 1 hour of drying.  A sample dried overnight (15 to 16 hours) is sufficient in most 
cases. 

Note 1:  Soils containing gypsum or significant amounts of organic material require special drying.   For reliable 
moisture contents dry these soils at 60°C (140°F).   For more information see AASHTO T 265, Note 2. 

 

Calculation 
 
 Constant Mass for Aggregates: 

Calculate constant mass using the following formula:  
 

ChangexMp
MnMp %100 =−  

 
Where: Mp = previous mass measurement 

 Mn = new mass measurement 
 

Example: 
 
Mass of container:  1232.1 g 
Mass of container& sample after first drying cycle:  2637.2 g 
Mass, Mp, of possibly dry sample:  2637.2 g - 1232.1 g = 1405.1 g 
Mass of container and dry sample after second drying cycle:  2634.1 g 

 Mass, Mn, of dry sample:  2634.1 g - 1232.1 g = 1402.0 g 
 

%22.01001.1405
0.14021.1405 =− x  

0.22% is not less than 0.10%, so continue drying 
 
 

Mass of container and dry sample after third drying cycle:  2633.0 g 
 Mass, Mn, of dry sample:  2633.0 g - 1232.1 g = 1400.9 g 
 

%08.01000.1402
9.14000.1402 =− x  

 
0.08% is less than 0.10%, so constant mass has been reached for an aggregate, but continue drying for 
soil. 
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Moisture Content Aggregate and Soils: 
 

Calculate the moisture content, as a percent, using the following formula: 
 
 

 
 
Where: 

w = moisture content, percent 
MW = wet mass 
MD = dry mass 
 
Example: 
 
Mass of container:  1232.1 g 
Mass of container and wet sample:  2764.7 g 
Mass, MW, of wet sample:  2764.7 g - 1232.1 g = 1532.6 g 
Mass of container and dry sample (COOLED):  2633.1 g 
Mass, MD, of dry sample:  2633.1 g - 1232.1 g = 1401.0 g 

 

 
Report 
 
Results shall be reported on standard forms approved for use by the agency.  Include 

• MW, wet mass 

• MD, dry mass 

• w, moisture content to nearest 0.1 percent 

w100
M

MM

D

DW =×
−

9.4%torounded9.39%100
g1401.0
g131.6100

g1401.0
g1401.0g1532.6w =×=×

−
=
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Organic Content of Soils, ATM 203    
 
1. Scope 
This method describes the procedure for determining organic content of soils by loss on ignition as adopted from 
AASHTO T 267. 

This standard involves hazardous materials, operations, and equipment.  This standard does not purport to address 
all of the safety problems associated with its use.  It is the responsibility of the agency to establish appropriate 
safety and health practices and to train the user of this standard prior to use.  It is the responsibility of the user to 
consult the appropriate agency authority for and to practice and maintain the appropriate safety and health 
practices.   

2. Apparatus 

• 2.00 mm (No. 10) sieve and pan, plus whatever additional larger size sieves are necessary to prevent 
overloading the No. 10 sieve.  Sieves will conform to AASHTO M 92. 

• Pulverizing apparatus suitable for breaking up aggregations of soil particles without reducing the size of 
individual grains. 

•. Balance or scale: capacity sufficient for the principle sample mass, readable to 0.1%, or better, of the total 
sample mass and meeting the requirements of AASHTO M 231. 

 For this test, this would require a scale with a capacity of at least 100 g and readable to 0.01 g 
• Muffle Furnace, thermostatically controlled, capable of maintaining a temperature of 445 ± 10°C (830 

±15°F).  The combustion chamber will be capable of accommodating the designated container(s) and 
sample(s).  The furnace shall be equipped with a pyrometer recorder that will indicate chamber 
temperature while in use. 

• Crucible, with covers, having a minimum volume of 100 ml and capable of withstanding repeated 
exposure to temperatures of 500ºC (950°F) 

• Non-asbestos, heat-resistant, gauntlet-type gloves capable of withstanding temperatures of 500ºC (950°F) 

• Desiccator of sufficient size containing an effective desiccant 

• Miscellaneous equipment including tongs, spatulas, wire brushes, etc. 

3. Sampling and Sample Preparation 
1. Obtain the sample in accordance with WAQTC FOP for AASHTO T 2. 

2. Dry the sample to constant mass in accordance with the soil procedure of WAQTC FOP for AASHTO T 
255/T 265. 

3. Sieve the dry sample through the 2.00 mm (No. 10) sieve. 

 If the material contains lumps of organics or aggregations of soil, they will be broken up by such means that 
will not reduce the size of the plus 2.00 mm (No. 10) aggregate particles. 

For Topsoil samples:  any large particles of organics that cannot be broken up will be removed and discarded. 
Note 1:  Organic content for topsoil is the organics that are readily available for use by the root system of the 
plantings (grass, trees, etc.). 

For other types of samples:  any large particles of organics that cannot be broken up will be removed by hand 
and reported as Sticks and Roots (see ATM 201). 

4. Reduce the sample to a mass of approximately 100 g in accordance with WAQTC FOP for AASHTO T 248. 
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4. Procedure 
1. Determine the mass of a crucible to the nearest 0.01 g and record as Tare. 

2. Select a sample with a mass between 10-40 g, place into the crucible, determine the mass to the nearest 0.01 g 
and record as Mass before Ignition + Tare. 

Note 2: Sample masses for lightweight materials such as peat may be less than 10 g but should be of sufficient 
amount to fill the crucible to at least 3/4 depth.  A cover may initially be required over the crucible during the 
initial phase of ignition to decrease the possibility of the sample being "blown out" from container. 

3. Place the crucible into a pre-heated muffle furnace at a temperature of 445ºC (835°F) for a minimum of six 
hours until all organic matter is combusted.  If a cover has been used, it shall be removed after approximately 
2 hours of combustion. 

4. Remove the test sample from the muffle furnace and cool it to room temperature in a desiccator. 

5. Determine the mass to the nearest 0.01 grams and record as Mass after Ignition + Tare. 

5. Calculations 

1. Calculate the percent organic content by the following formula: 

  100 x 
C -A 
B -A  Content  Organic ⎟
⎠
⎞

⎜
⎝
⎛=  

 Where: A =  Mass before Ignition + Tare, 
  B = Mass after Ignition + Tare,  
  C = Tare. 
  

6. Report 
Report the organic content on Department forms to the nearest 0.1 percent. 
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DETERMINING THE LIQUID LIMIT OF SOILS 
WAQTC FOP FOR AASHTO T 89 
 
Scope 
 
This procedure covers the determination of the liquid limit of a soil in accordance with AASHTO T 89.  It is used 
in conjunction with the FOP for AASHTO T 90, Determining the Plastic Limit and Plasticity Index of Soils.  The 
three values are used for soil classification and other purposes. 
 
Apparatus 
 

• Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in diameter 

• Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide 

• Liquid Limit Device: manually or mechanically operated, consisting of a brass cup, carriage, and base 
plate 

• Grooving Tool: used to cut the soil in the liquid limit device cup 

• Gauge: part of the grooving tool or a separate metal bar, 10.0 ±0.2 mm (0.394 ±0.008 in.) thick and 
approximately 50 mm (2 in.) long 

• Containers: corrosion resistant, suitable for repeated heating and cooling, having close fitting lids to 
prevent the loss of moisture.  One container is needed for each moisture content determination 

• Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a 1200 g capacity. 

• Oven: thermostatically controlled, capable of maintaining temperatures of 110 ±5°C (230 ±9°F) 

• Graduated cylinders for measuring distilled or demineralized water 
 
Adjustment of Liquid Limit Device 
 
The liquid limit device shall be inspected to determine that the device is in good working order; that the pin 
connecting the cup is not worn to permit side play; that the screws connecting the cup to the hanger are tight; that 
the points of contact on the cup and base are not excessively worn; that the lip of the cup is not excessively worn; 
and that a groove has not been worn in the cup.  The grooving tool shall be inspected to determine that the critical 
dimensions are correct. 

Note 1:  Wear is considered excessive when the point of contact on the cup or base exceeds approximately 13 mm 
(0.5 in.) in diameter, or when any point on the rim of the cup is worn to approximately 1/2 the original thickness.  A 
slight groove in the center of the cup is not objectionable.  If the groove becomes pronounced, the cup shall be 
replaced.  A base that is excessively worn may be refinished as long as it is maintained within the tolerances specified. 

Adjust the height of drop of the cup so that the point on the cup that comes in contact with the base rises to a 
height of 10.0 ±0.2 mm (0.394 ±0.008 in.). 

Note 2:  Check the height of the drop, before each new sample, by turning the crank at two revolutions per second 
while holding the gauge in position against the cup.  If a ringing or clicking sound is heard without the cup rising from 
the gauge, the adjustment is correct.  If no ringing is heard or if the cup rises from gauge, readjust the height of the 
drop.  If the cup rocks on the gauge during this checking operation, the cam follower pivot is excessively worn and 
should be replaced. 
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Sample 
 

Samples must be prepared per the FOP for AASHTO T 87 or T 146.  Obtain a sample with a mass of about 100 g 
taken from the portion of the material passing the 0.425 mm (No. 40) sieve. 
 

The mass required depends upon the method chosen.  Method A (multi-point method) requires approximately 100 
g.  Method B (single point method) requires approximately 50 g. 
 
Procedure – Method A (Multi-Point) 
 
1. Place the sample in the dish and thoroughly mix with 15 to 20 mL of distilled or demineralized water by 

alternately and repeatedly stirring, kneading, and chopping with a spatula.  Further additions of water shall be 
in increments of 1 to 3 mL.  Each increment shall be thoroughly mixed with the soil before another increment 
is added.  Once testing has begun, no additional dry soil should be added to the moistened soil.  The cup of 
the Liquid Limit device shall not be used for mixing soil and water.  If too much water is added, the sample 
shall either be discarded or mixed and kneaded until natural evaporation lowers the moisture content. 

Note 3:  Some soils are slow to absorb water.  It is possible to add water so fast that a false LL value is obtained.  This 
can be avoided by allowing more mixing and/or time.  Also, tap water may be used for routine testing if comparative 
tests indicate no differences in results between using tap water and distilled or demineralized water. 

2. Add sufficient water to form a uniform mass of a stiff consistency. 

3. Place enough material in the cup so that, when squeezed and spread with the spatula, the soil will rest in the 
cup above the spot where the cup rests on the base and will be 10 mm thick at the point of maximum 
thickness.  Use as few strokes of the spatula as possible, taking care to prevent the entrapment of air bubbles 
in the sample. 

4. Divide the soil in the cup with a firm stroke of the grooving tool.  Avoid tearing of the sides of the groove or 
slipping of the soil cake on the cup.  Up to six strokes are permitted.  The depth of the groove should be 
increased with each stroke, and only the last stroke should scrape the bottom of the cup. 

5. Lift and drop the cup by turning the crank at a rate of approximately two revolutions per second until the two 
halves of the soil pat come together along a distance of about 13 mm (0.5 in.).  Do not hold the base while the 
crank is turned.  Record the number of shocks required to close the groove. 

Note 4:  Some soils tend to slide on the cup instead of flowing.  If this occurs, water should be added, the sample remixed, and the 
procedure repeated.  If the soil continues to slide on the cup, the test is not applicable and a note should be made that the liquid 
limit could not be determined. 

6. Obtain a moisture content sample by slicing through the soil pat perpendicularly with the spatula and through 
the center of the groove.  Place it into a suitable container for subsequent moisture determination. 

7. Determine the moisture content of the moisture content sample in accordance with the FOP for AASHTO T 
255/T 265 (Soil). 

8. Place the soil remaining in the cup back in the mixing dish and add 1 to 3 mL of water, or use previously 
prepared portions to which sufficient water has been added to result in a more fluid condition. 

9. Repeat Steps 3 through 8, a minimum of two times.  The object is to have a determination in all three shock 
ranges 25-35, 20-30, & 15-25.  
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Flow Curve – Method A 
 
Prepare a flow curve on a semi-logarithmic graph with moisture content on the arithmetic vertical axis and the 
number of shocks on the logarithmic horizontal axis.  The flow curve is a straight line drawn as closely as 
possible through three or more plotted points. 
 
Liquid Limit – Method A 
 
Determine the liquid limit.  The moisture content at the intersection of the flow curve and the 25 shock line is the 
liquid limit. 
 
Procedure – Method B (Single-Point) 
 
1. Place the sample in the dish and thoroughly mix with 8 to 10 mL of distilled or demineralized water, and 

following the mixing procedure in Method A, Step 1. 

2. Follow the procedure in Method A except that the soil pat should be prepared with water to produce a 
consistency that will close the two halves of the soil pat at least 13 mm (0.5 in.) within 22 to 28 shocks of the 
cup. 

Note:  Groove closures occurring between 15 and 40 blows may be accepted if variations of ±5 percent of the 
true liquid limit are tolerable. 

3. Return the soil remaining in the cup to the mixing dish and, without adding any additional water, repeat Step 
2.  If the closure again occurs within the acceptable range, obtain a moisture content specimen. 

4. Determine the moisture content of the moisture content sample in accordance with the FOP for AASHTO T 
255/T 265 (Soil). 
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Liquid Limit – Method B 
 
Calculate the liquid limit as follows: 
 

LL = (wN)(N/25) 0.121 

 
 
 
 
 
 
 
 
 
where 
LL = liquid limit 
wN = moisture content of sample at N blows 
N = number of blows 
 
Example: 
 
wN = 16.0 % and N = 23 
LL = (16.0)(23/25) 0.121  = 15.8, say 16% 

 
Report 
 
Results shall be reported on standard forms approved by the agency.  Report LL to the nearest whole 
percent. 
 
 

N (N/25) 0.121 N (N/25) 0.121 
 
22 0.985  26 1.005  
23 0.990  27 1.009 
24 0.995  28 1.014  
25 1.000     

 
LL = (wN)(N/25) 0.121 
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DETERMINING THE PLASTIC LIMIT AND PLASTICITY INDEX OF SOILS 
WAQTC FOP FOR AASHTO T 90 
 
Scope 
 

This procedure covers the determination of the plastic limit and plasticity index of soil in accordance with 
AASHTO T 90.  It is used in conjunction with the FOP for AASHTO T 89, Determining the Liquid Limit of 
Soils.  The three values are used for soil classification and other purposes.  This FOP will cover the hand rolling 
method only.  If the plastic limit device method is approved by the agency, see the FOP for AASHTO T 90 for 
that procedure. 
 
Apparatus 
 

• Dish: preferably unglazed porcelain or similar mixing dish, about 115 mm (4.5 in.) in diameter 

• Spatula: having a blade 75 to 100 mm (3 to 4 in.) long and about 20 mm (3/4 in.) wide 

• Rolling Surface: a ground glass plate or piece of smooth, unglazed paper 

• Containers: corrosion resistant, suitable for repeated heating and cooling, having close fitting lids to 
prevent the loss of moisture.  One container is needed for each moisture content determination 

• Balance: conforming to AASHTO M 231, class G1, sensitive to 0.01 g with a 1200 g capacity 

• Oven: thermostatically controlled, capable of maintaining temperatures of 110 ±5°C (230 ±9°F) 
 
Sample 
 

The plastic limit procedure is often run in conjunction with the liquid limit procedure.  If this is the case, the 
plastic limit sample should be obtained from the soil prepared for the liquid limit test at any point in the process at 
which the soil is plastic enough to be easily shaped into a ball without sticking to the fingers excessively when 
squeezed.  Obtain approximately 8 g of soil to run the plastic limit test. 
 

If the plastic limit only is to be determined, the sample must be prepared per AASHTO T 87 or T 146.  Obtain 
about 20 g of material passing the 0.425 mm (No. 40) sieve.  Mix the soil with distilled or demineralized water 
until the mass becomes plastic enough to be easily shaped into a ball.  Obtain approximately 8 g of soil to run the 
plastic limit test. 

Note 1:  Tap water may be used for routine testing if comparative tests indicate no differences in results between 
using tap water and distilled or demineralized water. 

 
Procedure (Hand Rolling Method) 
 
1.  From the sample, pull a 1.5 to 2 g mass. 

2. Squeeze and form the test sample into an ellipsoidal-shape mass. 
 
3. Roll this mass between the fingers or palm and the rolling surface with just sufficient pressure to roll the mass 

into a thread of uniform diameter along its length.  Roll out between 80 and 90 strokes per minute, counting a 
stroke as one back and forth motion. The sample must be rolled into the 3 mm (1/8 in.) thread in no longer 
than 2 minutes. 

 
4. Break the thread into six or eight pieces when the diameter of the thread reaches 3 mm (1/8 in.). 
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5. Squeeze the pieces together between the thumbs and fingers of both hands into an ellipsoidal-shape mass and 

reroll. 
 
6. Continue this process of alternately rolling to a thread 3 mm (1/8 in.) in diameter, cutting into pieces, 

gathering together, kneading and rerolling until the thread crumbles under the pressure required for rolling 
and the soil can no longer be rolled into a thread. 

Note 2:  Crumbling may occur when the thread has a diameter greater than 3 mm (1/8 in.).  This shall be considered a 
satisfactory end point, provided the soil has been previously rolled into a thread 3 mm (1/8 in.) in diameter.  The 
crumbling will manifest itself differently with various types of soil.  Some soils fall apart in many pieces; others form 
an outside tubular layer that splits at both ends; splitting progresses toward the middle, and the thread falls apart in 
small platy particles.  Heavy clay requires much pressure to deform the thread, particularly as it approaches the plastic 
limit, and the thread breaks into a series of barrel-shaped segments each 6 to 9 mm (1/4 to 3/8 in.) long.  At no time 
shall the tester attempt to produce failure at exactly 3 mm (1/8 in.) diameter.  It is permissible, however, to reduce the 
total amount of deformation for feebly plastic soils by making the initial diameter of the ellipsoidal-shaped mass 
nearer to the required 3 mm (1/8 in.) final diameter. 

7. Gather the portions of the crumbled soil together and place in a suitable, tared container & cover. 

8. Repeat steps one through seven until 8 g of sample have been tested and placed in the covered container. 

9. Determine the moisture content of the sample in accordance with the FOP for AASHTO T 255/T 265 (Soil). 
 
Plastic Limit 
 
The moisture content, as determined in Step 9 above, is the Plastic Limit.  It is advisable to run several trials on 
the same material to ensure a proper determination of the Plastic Limit of the soil. 



 
 

Alaska Test Methods Manual 205-3 Plastic Limit and 
Plasticity Index of Soils 10/07 

Effective 4/15/08 

Plasticity Index 
 

The Plasticity Index (PI) of the soil is equal to the difference between the Liquid Limit (LL) and the Plastic Limit 
(PL). 
 
PI = LL – PL 
 
Examples: #1 #2 
 

LL = 34 and PL = 17 LL = 16 and PL = 10 

PI = 34 – 17 = 17 PI = 16 – 10 = 6 
 
Example Calculation 
 

 
 

Container 

 
Container 

Mass, g 

Container 
and Wet Soil 

Mass, g 

 
Wet Soil 
Mass, g 

Container 
and Dry Soil 

Mass, g 

 
Dry Soil 
Mass, g 

1 14.44 22.65 8.21 21.45 7.01 
2 14.18 23.69 9.51 22.81 8.63 

 
 

Water Mass, g Moisture Content Plastic Limit 
1.20 17.1 17 
0.88 10.2 10 

 
 
Report 
 

Results shall be reported on standard forms approved by the agency.  Report the PL and PI to the nearest whole 
number. 
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pH of Topsoil   ATM 206      
1. Scope 
This method describes the procedure for determining the pH of topsoil. 

2. Apparatus 

• A soil test kit capable of determining the pH of soils (these are available from commercial greenhouses.  
Verify Reagent expiration dates and replace as needed) 

• pH Meter—Calibrate according to manufacturers recommendations 

• 2.00 mm (No. 10) sieve conforming to AASHTO M 92 

3. Sampling and Sample Preparation 
3.1. Obtain the sample in accordance with WAQTC FOP for AASHTO T 2. 

3.2. Prepare the soil sample in accordance with the manufacturer's instructions for the soils kit. 

4. Procedure 
4.1. Separate sample on a 2.00 mm (No. 10) sieve.  Discard the plus 2.00 mm (No. 10) material unless required 

for other testing. 

4.2.  Determine the pH of the minus 2.00 mm (No. 10) material in accordance with the manufacturer's 
instructions. 

5. Report 
Report the pH value to the nearest 0.5.
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MOISTURE-DENSITY RELATIONS OF SOILS: 
USING A 2.5-kg (5.5-lb) RAMMER AND A 305 mm (12-in.) DROP 
FOP FOR AASHTO T 99 (See Addendum for DOT&PF Guidelines) 
USING A 4.54-kg (10-lb) RAMMER AND A 457 mm (18-in.) DROP 
FOP FOR AASHTO T 180 (See Addendum for DOT&PF Guidelines) 
 
Scope 

This procedure covers the determination of the moisture-density relations of soils and soil-aggregate mixtures in 
accordance with two similar test methods: 

• AASHTO T 99: Methods A, B, C, & D 

• AASHTO T 180: Methods A, B, C, & D 

This test method applies to soil mixtures having 40% or less retained on the 4.75 mm (No 4) sieve for methods A 
or B, or, 30% or less retained on the 19 mm (¾”) with methods C or D.  The retained material is defined as 
oversize (coarse) material.  If no minimum percentage is specified, 5% will be used.  Samples that contain 
oversize (coarse) material that meet percent retained criteria should be corrected by using the FOP for AASHTO 
T 224.  Samples of soil or soil-aggregate mixture are prepared at several moisture contents and compacted into 
molds of specified size, using manual or mechanical rammers that deliver a specified quantity of compactive 
energy.  The moist masses of the compacted samples are multiplied by the appropriate factor to determine moist 
density values.  Moisture contents of the compacted samples are determined and used to obtain the dry density 
values of the same samples.  Maximum dry density and optimum moisture content for the soil or soil-aggregate 
mixture is determined by plotting the relationship between dry density and moisture content. 

 
Apparatus 

• Mold – Cylindrical, made of metal and with the dimensions shown in Table 1 or Table 2.  It shall include 
a detachable collar and a base plate to which the mold can be fastened.  If permitted by the agency, the 
mold may be of the “split” type, consisting of two half-round sections, which can be securely locked in 
place to form a cylinder. 

• Rammer –Manually or mechanically-operated rammers as detailed in Table 1 or Table 2.  A manually-
operated rammer shall be equipped with a guide sleeve to control the path and height of drop.  The guide 
sleeve shall have at least four vent holes no smaller than 9.5 mm (3/8 in.) in diameter, spaced 
approximately 90 degrees apart and approximately 19 mm (3/4 in.) from each end.  A mechanically-
operated rammer will uniformly distribute blows over the sample and will be calibrated with several soil 
types, and be adjusted, if necessary, to give the same moisture-density results as with the manually 
operated rammer.  For additional information concerning calibration, see the FOP for AASHTO T 99 and 
T 180. 

• Sample extruder – A jack, lever frame, or other device for extruding compacted specimens from the mold 
quickly and with little disturbance. 

• Balance(s) or scale(s) of the capacity and sensitivity required for the procedure used by the agency.  

A balance or scale with a capacity of 20 kg (45 lb) and a sensitivity of 5 g (0.01 lb) for obtaining the 
sample, meeting the requirements of AASHTO M 231. 

A balance or scale with a capacity of 2 kg and a sensitivity of 0.1 g is used for moisture content 
determinations done under both procedures, meeting the requirements of AASHTO M 231. 
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• Drying apparatus – A thermostatically controlled drying oven, capable of maintaining a temperature of 
110 ±5°C (230 ±9°F) for drying moisture content samples in accordance with the FOP for AASHTO 
T 255/T 265. 

• Straightedge – A steel straightedge at least 250 mm (10 in.) long, with one beveled edge and at least one 
surface plane within 0.1 percent of its length, used for final trimming. 

• Sieve(s) – 4.75 mm (No. 4) and/or 19.0 mm (3/4 in.), conforming to AASHTO M 92. 

• Mixing tools – Miscellaneous tools such as a mixing pan, spoon, trowel, spatula, etc., or a suitable 
mechanical device, for mixing the sample with water. 

• Containers with close-fitting lids to prevent gain or loss of moisture in the sample. 
 

Table 1 
Comparison of Apparatus, Sample, and Procedure – Metric 

 
 T 99 T 180 

Mold Volume, m3 Methods A, C:  0.000943 Methods A, C:  0.000943 
Methods B, D:  0.002124 Methods B, D:  0.002124 

Mold Diameter, mm Methods A, C:  101.6 Methods A, C:  101.6 
Methods B, D:  152.4 Methods B, D:  152.4 

Mold Height, mm 116.43 116.43 
Detachable Collar Height, mm 51 51 
Rammer Diameter, mm 50.80 50.80 
Rammer Mass, kg 2.495 4.536 
Rammer Drop, mm 305 457 
Layers 3 5 

Blows per Layer Methods A, C:  25 Methods A, C:  25 
Methods B, D:  56 Methods B, D:  56 

Material Size, mm Methods A, B:  4.75 minus Methods A, B:  4.75 minus 
Methods C, D:  19.0 minus Methods C, D:  19.0 minus 

Test Sample Size, kg Method A:  3         Method B:  7 
Method C:  5 (1)        Method D:  11(1) 

Energy, kN-m/m3 592 2,693 
 

(1) This may not be a large enough sample depending on your nominal maximum size for moisture content samples. 
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Table 2 

Comparison of Apparatus, Sample, and Procedure – English 
 

 T 99 T 180 

Mold Volume, ft3 Methods A, C:  1/30 Methods A, C:  1/30 
Methods B, D:  1/13.33 Methods B, D:  1/13.33 

Mold Diameter, in. Methods A, C:  4.000 Methods A, C:  4.000 
Methods B, D:  6.000 Methods B, D:  6.000 

Mold Height, in. 4.584 4.584 
Detachable Collar Height, in. 2 2 
Rammer Diameter, in. 2.000 2.000 
Rammer Mass, lb 5.5 10 
Rammer Drop, in. 12 18 
Layers 3 5 

Blows per Layer Methods A, C:  25 Methods A, C:  25 
Methods B, D:  56 Methods B, D:  56 

Material Size, in. Methods A, B: No. 4 minus Methods A, B:  No.4 minus 
Methods C, D:  3/4 minus Methods C, D:  3/4 minus 

Test Sample Size, lb Method A:  7        Method B:  16 
Method C:  12(1)     Method D:  25(1) 

Energy, lb-ft/ft3 12,375 56,250 
(1) This may not be a large enough sample depending on your nominal maximum size for moisture content samples. 

 
Sample 

If the sample is damp, dry it until it becomes friable under a trowel.  Drying may be in air or by use of a drying 
apparatus maintained at a temperature not exceeding 60°C (140°F).  Thoroughly break up aggregations in a 
manner that avoids reducing the natural size of individual particles. 

Obtain a representative test sample of the mass required by the agency by passing the material through the sieve 
required by the agency.  See Table 1 or Table 2 for test sample mass and material size requirements. 

Note 1:  Both T 99 & T 180 have four methods (A, B, C, D) that require different masses and employ different sieves. 

Note 2:  If the sample is plastic (clay types), it should stand for a minimum of 12 hours after the addition of water to 
allow the moisture to be absorbed.  In this case, several samples at different moisture contents should be prepared, put 
in sealed containers and tested the next day. In instances where the material is prone to degradation, i.e., granular 
material, a compaction sample with differing moisture contents should be prepared for each point. 

 
Procedure 
 
1. Determine the mass of the clean, dry mold.  Include the base plate, but exclude the extension collar.  Record 

the mass to the nearest 0.005 kg (0.01 lb). 
 
2. Thoroughly mix the selected representative sample with sufficient water to dampen it to approximately 4 to 8 

percentage points below optimum moisture content.  See Note 2. 

3. Form a specimen by compacting the prepared soil in the mold (with collar attached) in approximately equal 
layers.  For each layer, spread the loose material uniformly in the mold.  Lightly tamp the fluffy material with 
the manual rammer or other similar device. This establishes a firm surface on which to hold the rammer 
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sleeve.  Compact each layer with uniformly distributed blows from the rammer.  See Table 1 for mold size, 
number of layers, number of blows, and rammer specification for the various test methods.  Use the method 
specified by the agency.  If material that has not been compacted remains adjacent to the walls of the mold 
and extends above the compacted surface, trim it down. 

Note 3:  During compaction, the mold shall rest firmly on a dense, uniform, rigid, and stable foundation or base.  This 
base shall remain stationary during the compaction process. 

4. Remove the extension collar.  Avoid shearing off the sample below the top of the mold.  A rule of thumb is 
that the material compacted in the mold should not be over 6 mm (¼ in.) above the top of the mold once the 
collar has been removed. 

5. Trim the compacted soil even with the top of the mold with the beveled side of the straightedge. 

6. Determine the mass of the mold and wet soil in kg to the nearest 0.005 kg (0.01 lb) or better. 

7. Determine the wet mass of the sample by subtracting the mass in Step 1 from the mass in Step 6. 

8. Calculate the wet density as indicated below under “Calculations.” 

9. Extrude the material from the mold. For soils and soil-aggregate mixtures, slice vertically through the center 
and take a representative moisture content sample from one of the cut faces, ensuring that all layers are 
represented.  For granular materials, a vertical face will not exist.  Take a representative sample.  This sample 
must meet the sample size requirements of the test method used to determine moisture content. 

Note 4: When developing a curve for free-draining soils such as uniform sands and gravels, where seepage occurs at 
the bottom of the mold and base plate, taking a representative moisture content from the mixing bowl may be 
preferred in order to determine the amount of moisture available for compaction.  

10. Determine the moisture content of the sample in accordance with the FOP for AASHTO T 255/T 265. 

11. Thoroughly break up the remaining portion of the molded specimen until it will again pass through the sieve, 
as judged by eye, and add to the remaining portion of the sample being tested.  See Note 2. 

12. Add sufficient water to increase the moisture content of the remaining soil by approximately 1 to 2 percentage 
points and repeat the above procedure.  

13. Continue determinations until there is either a decrease or no change in the wet density.  There will be a 
minimum of three points on the dry side of the curve and two points on the wet side.   

Note 5: In cases of free-draining granular material, the development of points on the wet side of optimum may not be 
practical. 

 
Calculations 
 
1. Calculate the wet density, in kg/m3 (lb/ft3), by multiplying the wet mass from Step 7 by the appropriate factor 

chosen from the two below. 

Methods A & C molds: 1060 (30) 
Methods B & D molds: 471 (13.33) 

Note 6:  The moist mass is in kg (lb).  The factors are the inverses of the mold volumes in m3 (ft3) shown in Table 1.  
If the moist mass is in grams, use 1.060 or 0.471 for factors when computing kg/m3. 

1/0.000943 = 1060 [1/(1/30) = 30] 
1/0.002124 = 471 [1/(1/13.33) = 13.33] 
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Example – Methods A or C mold: 

Wet mass = 1.916 kg (4.22 lb) 

(1.916)(1060) = 2031 kg/m3 Wet Density (4.22)(30) = 126.6 lb/ft3 Wet Density 
 

2. Calculate the dry density as follows: 
 

 
 or 
 

Where: 

ρd = Dry density, kg/m3 (lb/ft3) 
ρw = Wet density, kg/m3 (lb/ft3) 
w = Moisture content, as a percentage 

 
Example: 

ρw = 2030 kg/m3 (126.6 lb/ft3) and w = 14.7% 
 
 

 
 

or 
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Moisture-Density Curve Development 

When dry density is plotted on the vertical axis versus moisture content on the horizontal axis, and the points are 
connected, a moisture-density curve is developed.  The coordinates of the peak of the curve are the maximum dry 
density, or just “maximum density,” and the “optimum moisture content” of the soil. 

Example: 
Given the following dry density and corresponding moisture content values, develop a moisture-density relations 
curve and determine maximum dry density and optimum moisture content. 
 

    Dry Density 
kg/m3          lb/ft3 

Moisture Content, %

1846           114.3  11.3
1868           115.7 12.1
1887           116.9 12.8
1884           116.7 13.6
1871           115.9 14.2
 

 
 
 
 
 117 
 
 
 115 
 
 
 113 
 
 
 
 
 
In this case, the curve has its peak at: 

Maximum dry density = 1890 kg/m3 (117.0 lb/ft3) 
Optimum water content = 13.2% 
 

Note that both values are approximate, since they are based on sketching the curve to fit the points. 
 
Report 
 
Results shall be reported on standard forms approved by the agency.  Report maximum dry density to the closest 
1 kg/m3 (0.1 lb/ft3) and optimum moisture content to the closest 0.1 percent. 
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Addendum WAQTC FOP for AASHTO T 99/ T 180 
 
The following are guidelines for the use of WAQTC FOP for AASHTO T 99/T 180 by the State of Alaska 
DOT&PF.   

1. Moisture content shall be determined using the mass requirements listed in table 2 of WAQTC FOP for 
AASHTO T 255/T 265. 

2. In order to properly draw the moisture-density curve, it may be helpful to plot a Zero Air Voids (ZAV) 
curve.  The ZAV curve must be to the right of the wet side of the curve.  To plot the curve, you will need 
to establish the specific gravity of the soil.  Specific gravity of the soil can be estimated, assumed to be 
2.700, or it can be determined in accordance with AASHTO T 100.   

3. The points for plotting the ZAV shall be calculated by selecting dry unit masses and calculating a 
corresponding moisture content value as follows: 

                     
( )
( )( ) 100×
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=

s

sw
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Where: 
Ws = Water content for complete saturation, % 
γw = Unit Mass of water 9.789 kN/m3 (62.4 lbf/ft3) 
γd = Dry unit mass of soil, kN/m3 (lbf/ft3) 
Gs = Specific Gravity of soil or Gavg  from Addendum item 4. 

4. When the material includes plus 4.75 mm (No. 4) materials, the plus 4.75 mm (No. 4) specific gravity 
may be estimated, assumed to be 2.700 or it can be tested in accordance with WAQTC FOP for AASHTO 
T 85.  If a weighted average is used, it shall be calculated as follows: 
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Where: 
Gavg = Weighted average specific gravity of soils 
R1 = Percent of soil particles retained on the 4.75 mm (No. 4) sieve 
P1 = Percent of soil particles passing the 4.75 mm (No. 4) sieve 
G1 = Apparent specific gravity of soil particles retained on the 4.75 mm (No. 4) sieve 
G2 = Specific gravity of soil particles passing the 4.75 mm (No. 4) sieve 

 
 

5. Unless stated otherwise, T 180 shall be used. 
 
6. The use of an extruder is optional when the sample being tested is granular. 
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Determining the Standard Density of Coarse Granular Materials Using 
the Vibratory Compactor   ATM 212      
 

1. Scope 
This method determines the maximum density values of granular materials for a standard compaction energy.  
The method accounts for variations in the maximum attainable density of a given material due to fluctuations in 
gradation. 

With the specific gravity and the compacted density of the plus 4.75 mm (no. 4) and the minus 4.75 mm (No. 4) 
fractions, a chart and/or curve of standard density values versus percent passing the No. 4 sieve can be plotted. 

This test method is applicable to granular materials with the gradation of the minus 75 mm (3 in) portion of the 
sample having 10-80 percent passing the 4.75 mm (No. 4) sieve and with the minus 4.75 mm (No. 4) portion of 
the sample having 10 percent or less passing the 75 μm (No. 200) sieve. 

Note 1: The Vibratory Compaction Test was developed for sandy gravels whose fine fraction is non-plastic and highly 
permeable or free draining.  When the fine fraction is primarily a soil with some plasticity and low permeability or not 
free draining, WAQTC FOP for AASHTO T 99/T 180 will be used.  With borderline materials, both tests shall be 
applied, and the one yielding the highest unit weight value will be used. 

2. Apparatus 

• A vibratory spring-loaded compactor essentially conforming to specifications that can be obtained from 
the State Materials Engineer 

• Standard mold and base with a piston to fit inside the mold with a maximum 1.5 mm (1/16") clearance 
between piston and mold 

• A 0.014 m3 (1/2 ft3) mold with a piston to fit inside mold having a maximum 1.5 mm (1/16 in) clearance 
between piston and mold 

Note 2: The molds and pistons will be constructed of metal of such dimensions as to remain rigid and inflexible under 
test conditions. 

• Spacer blocks of varying heights compatible with the compactor and pistons 

• Measuring device, accurate and readable to 0.1 mm (0.01 in) with a minimum 300 mm (6 in) length 

• A 75 mm (3 in) and a 4.75 mm (No. 4) sieve conforming to AASHTO M 92 requirements 

• Balance or scale: capacity sufficient for the principle sample mass, readable to 0.1 percent or 0.1 g and 
meeting the requirements of AASHTO M 231 

Note 3: For the fine aggregate compaction test, this would require a scale with a capacity of at least 20 kg (45 lb) and 
readable to 5 g (0.01 lb) or better. 

Note 4:  For the fine aggregate moisture content, this would require a scale with a capacity of at least 1000 g and 
readable to 0.1 g or better. 

Note 5:  For the coarse aggregate compaction test, this would require a scale with a capacity of at least 20 kg (45 lb) and 
readable to 5 g (0.01 lb) or better. 

• A 2.5 kg (5.5 lb) metal rammer conforming to the requirements of WAQTC FOP for AASHTO T 99 

• Tamping rod of straight steel, 16 mm (5/8 in) in diameter and approximately 400 mm  (24 in) long having 
at least one end rounded to a hemispherical tip 
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• Graduated cylinder, 1000 ml capacity, readable to 5 ml 

• A stopwatch or timer accurate to 1 second 

• Miscellaneous tools including pans, spoon, trowel, mechanical mixer (optional), etc. 

3. Equipment Calibration 
Calibration data will be updated annually or more frequently if justified by use. Calibration information will be 
recorded and accessible for every test. 

Calibration of the Standard Mold:   

1. Measure the top and bottom diameter of the mold to the nearest 0.1 mm (0.01 in) and average the results to 
obtain the mean diameter of the mold.  Calculate the area of the average diameter by the formula: 

           ( )25.0 d××=Α π  

Where: 
A    = Area of mean diameter, in2 or mm2, 

 π =  3.1416,  
 d = mean diameter, in or mm. 

2. Assemble the mold, measure the overall height of the mold to the nearest 0.1 mm (0.01 in) at least 4 different 
places around the circumference of the mold and average the measurements.  Record this as Height of Mold. 

3. Calculate the Mold Conversion Factor by: 

C = 
A

0001,000,000,    or  
A

1728   USC    

Where: 
C   =  Mold Conversion Factor, (1,000,000,000 = mm3/m3 and 1728 = in3/ft3),  
A  = Area of mean diameter. 

4. Record the result as the Small Mold Conversion Factor to 0.01. 

5. Calibration of the 0.014 m3 Mold (Large): calibrate this mold using the same procedure as described for the 
small mold above and record the result to 0.01 as the Large Mold Conversion Factor. 

4. Sample Preparation 
1.   Sample the material in accordance with WAQTC FOP for AASHTO T 2.  Prepare the field sample by 

splitting out a representative portion in accordance with WAQTC FOP for AASHTO T 248, Method A, to 
provide sufficient material for the following tests:   

• Sieve Analysis in accordance with WAQTC FOP for AASHTO T 27/T 11 

• Coarse Aggregate Apparent Specific Gravity in accordance with WAQTC FOP for AASHTO T 85 

• Fine Aggregate Apparent Specific Gravity in accordance with AASHTO T 84 or AASHTO T100 

• Compaction sample to provide sufficient material for the compaction specimens detailed below 

2. Dry the compaction sample to constant mass in accordance with WAQTC FOP for AASHTO T 255. 

3. Scalp the plus 75 mm (3 in) material from the compaction sample and discard, if not needed for any other 
tests.  Separate the remainder of the compaction sample into coarse [minus 75 mm (3 in) to 4.75 mm (No. 4)] 
and fine [minus 4.75 mm (No. 4)] aggregate portions. 
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4. The quantity of material necessary to complete tests on both fractions is 

a. Fine aggregate, minimum of 3 portions approximately 6 kg (13 lb) each 

 b. Coarse aggregate: 

1) For material containing 5 percent or less of 19.0 mm (3/4 in) material, a portion of the minus 19.0 
mm (3/4 in) aggregate of approximately 6 kg (13 lb) 

2) For material containing more than 5 percent plus 19.0 mm (3/4 in) aggregate a portion of 18 to 20 kg 
(40 to 45 lb ) 

5. Procedure 
1. Compaction Test of the Fine Fraction 

a. Assemble the Standard Mold and determine its mass, along with the Piston, to the nearest 5 g (0.01 lb).  
Record this as the Mass of Mold Assembly. 

b. Using one of the fine aggregate portions, add an amount of water estimated to produce a saturated sample 
when compacted and mix thoroughly. 

1)   When the material is at its saturation point, free water (a drop or two) will show at the base of the 
mold at about the. 227 kg  (500 lb) load of the first compression run.  The ideal saturation point 
would be a bead of water around the base of the mold at the end of the 10-minute compaction run.  
Most materials will yield the highest density at that moisture content.  Some materials may continue 
to gain density at higher moisture contents; however, this is due to the washing out of fines, which 
will alter the character of the sample.  Therefore, if severe washing-out or pumping of fines occurs (as 
evidenced by dirty water flooding off of the base or pumped on top of the piston), the sample is 
beyond the saturation point, will be discarded and a lower moisture content tried for the saturation 
point. 

2)   Moisture contents beyond the saturation point need not be tested. 

c. Set the piston aside and place the sample in the mold in three approximately equal layers. Consolidate 
each lift by 25 strokes of the tamping rod followed by 25 blows of the manual rammer.  If severe 
displacement of the material occurs, adjust the blow strength by limiting the height of each blow to 
produce the maximum compaction and minimum displacement.  The surface of the top lift should be 
finished as level as possible. 

d. Place the piston on top of the sample and mount the mold on the jack platform in the compactor.  Spacers 
between the load spring and piston must be used to adjust the elevation of the mold so the hammers strike 
the mold in the center of the lift area.  Elevate the mold until the loading head seats on top of the piston.  
Apply an initial seating load of approximately 45 kg (100 lbs) on the sample. 

e. Start the vibratory hammers and, by elevating the jack, begin the loading rate procedure.
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The load application rate to 2000 lbs. is applied as follows: 

  Load Elapsed Time 

0 to 225 kg (500 lb) 1 minute 

225 kg to 450 kg (1000 lb) 1-1/2 minutes 

450 kg to 900 kg (2000 lb) 2 minutes 

f. Upon reaching the 900 kg (2000 lb) load at the end of the 2-minute cycle, stop the hammers, 
release the load on the jack, and return to zero pressure. 

g. Repeat Steps (e) and (f) four additional times.  After the last run, remove the mold from the 
compactor. 

h. Measure the height of the compacted sample, to the top of the piston, to the nearest 0.1 mm 
(0.01 in) by measuring from the top of the mold to the surface of the sample at a minimum of 
4 different places evenly spaced around the circumference of the mold.  Record and average 
these measurements.  Subtract this average from the overall height of the mold and record as 
the Height of Sample. 

i. Determine the mass of the specimen in the mold to the nearest 5 g (0.01 lb).  Record this as 
Mass of Mold Assembly + Aggregate. 

j. Remove the specimen from the mold and determine the moisture content in accordance with WAQTC 
FOP for AASHTO T 255, recording the data on the Vibratory Compaction Worksheet. 

k. Repeat Steps (b) thru (j) at lower or higher moisture content increments of approximately 1 percent 
intervals to determine the maximum density value for the material.  Three tests are usually sufficient. 

2. Compaction Test of the Coarse Fraction: 

a. For minus 19 mm (3/4 in) aggregates, 

1)   Determine the mass of the coarse aggregate to the nearest 5 g (0.01 lb).  Record this mass as Net 
Mass of Coarse Aggregate. 

2)  Add 2.5 percent moisture to the sample, mix thoroughly and place in the Standard C.B.R. mold in 
approximately three equal lifts. Compact each lift with 25 blows of the tamping rod (omit 
hammering).  Avoid the loss of any material during this operation, or the net mass of coarse 
aggregate must be determined again, after determining the height of the sample and drying the 
material to constant mass. 

3)  Follow the procedures outlined in steps 1d. through 1g.  

b. For plus 19 mm (3/4 in) aggregates, 

1) Determine the mass of the coarse aggregate to the nearest 5 g (0.01 lb) or better.  Record this 
mass the Net Mass of Coarse Aggregate. 

2) Divide the sample into three representative and approximately equal portions. 

3) Place one of the portions into the 0.014 m3 (1/2 ft3) mold.  Level the surface by hand and 
consolidate the layer with 25 strokes of the tamping rod, using the rounded end.  Distribute the 
strokes evenly over the entire cross section of the material rodding full depth, if possible, without 
hitting the bottom too hard.   
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4)  Repeat this procedure for the other lifts, penetrating, if possible, into the lower layer.  Avoid the 
loss of any material during this operation, or the net mass of coarse aggregate must be re-
determined after determining the height of the sample. 

4. Position the piston on the sample, mount the mold in the compactor and follow the procedure described in 
steps 1d. through 1g. 

6. Calculations 
1.  Determine the dry density of each of the fine aggregate points as follows: 

 a. Calculate the net mass of aggregate by 

    e = c   -   d 
       Where: 

 e = net mass of aggregate, kg (lb) 
 c    = mass of mold assembly + aggregate, kg (lb) 

  d = mass of mold assembly. 

 b. Calculate the wet density by 

      
f
beg ×

=  

 Where: 
 g = wet unit weight, kg/m3 (lb/ft3) 

   e = net mass of aggregate, kg (lb) 
b     = mold conversion factor,  metric (USC), and 

  f = height of sample, mm (in). 

       c. Calculate the dry density of each of the fine fraction specimens as follows: 

   
n

gh
+

=
1

 

Where: 
h     = dry density for moisture content n, kg/m3 (lb/ft3) 
g = wet density, kg/m3 (lb/ft3) 
n = moisture content, expressed as a decimal. 

d. The maximum dry density (Df) for the fine fraction is the highest density at or below the saturation point. 

2. Calculate the maximum dry density (DC ) of the coarse fraction by 

v
ruDc

×
=  

 Where:  
       DC = dry unit weight, kg/m3 (lb/ft3) 
       u       = net mass of aggregate, kg (lb) 

                     r       =  mold conversion factor,  metric (USC) 
                     v      = height of sample, mm (in). 

3. Determine the apparent specific gravity of the fine aggregate in accordance with AASHTO T 84. 
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4. Determine the apparent specific gravity of the coarse aggregate in accordance with WAQTC FOP for 
AASHTO T 85. 

5. Plotting the "Maximum Dry Density vs. the Percent Passing 4.75 mm (No. 4) Sieve" curve is based on 
complex theoretical formulae.  Programs for solution of these formulae, which produce curve data points and 
charts, have been developed for spreadsheets.  These programs are available from the Statewide/ Regional 
laboratories. 

 

7. Report 
The results shall be reported on Department forms.  In addition to the standard conformance tests for the material, 
the Maximum Dry Density shall be reported in chart form to the nearest 1 kg/m3 (0.1 lb/ft3) vs. the Percent 
Passing 4.75 mm (No. 4) in whole percentages from 0 to 100 percent.  The data may be displayed graphically in 
addition to the chart. 
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IN-PLACE DENSITY AND MOISTURE CONTENT OF SOIL AND SOIL-AGGREGATE BY 
NUCLEAR METHODS (SHALLOW DEPTH) (See Addendum for DOT&PF Guidelines) 
FOP FOR AASHTO T 310 
 
 
Scope 

This procedure covers the determination of density, moisture content, and relative compaction of soil, aggregate, 
and soil-aggregate mixes in accordance with AASHTO T 310.  This field operating procedure is derived from 
AASHTO T 310.  The nuclear moisture-density gauge is used in the direct transmission mode. 
 
Apparatus 

• Nuclear density gauge with the factory matched standard reference block 

• Drive pin, guide/scraper plate, and hammer for testing in direct transmission mode 

• Transport case for properly shipping and housing the gauge and tools 

• Instruction manual for the specific make and model of gauge 

• Radioactive materials information and calibration packet containing 

− Daily Standard Count Log 

− Factory and Laboratory Calibration Data Sheet 

− Leak Test Certificate 

− Shippers Declaration for Dangerous Goods 

− Procedure Memo for Storing, Transporting and Handling Nuclear Testing Equipment 

− Other radioactive materials documentation as required by local regulatory requirements 

• Sealable containers and utensils for moisture content determinations 
 
Radiation Safety 
This method does not purport to address all of the safety problems associated with its use.  This test method 
involves potentially hazardous materials.  The gauge utilizes radioactive materials that may be hazardous to the 
health of the user unless proper precautions are taken.  Users of this gauge must become familiar with the 
applicable safety procedures and governmental regulations. All operators will be trained in radiation safety prior 
to operating nuclear density gauges. Some agencies require the use of personal monitoring devices such as a 
thermoluminescent dosimeter or film badge.  Effective instructions together with routine safety procedures such 
as source leak tests, recording and evaluation of personal monitoring device data, etc., are a recommended part of 
the operation and storage of this gauge. 
 
Calibration  

 Calibrate the nuclear gauge as required by the agency. This calibration may be performed by the agency using 
manufacturer’s recommended procedures or by other facilities approved by the agency.  Verify or re-establish 
calibration curves, tables, or equivalent coefficients every 12 months. 
 
Standardization 

1. Turn the gauge on and allow it to stabilize (approximately 10 to 20 minutes) prior to standardization.  Leave 
the power on during the day’s testing. 
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2. Standardize the nuclear gauge at the construction site at the start of each day’s work and as often as deemed 
necessary by the operator or agency. Daily variations in standard count shall not exceed the daily variations 
established by the manufacturer of the gauge.  If the daily variations are exceeded after repeating the 
standardization procedure, the gauge should be repaired and or recalibrated. 

3. Record the standard count for both density and moisture in the Daily Standard Count Log.  The exact 
procedure for standard count is listed in the manufacturer’s operators manual.  

Note 1:  New standard counts may be necessary more than once a day.  See agency requirements. 
 

Overview 

There are two methods for determining in-place density of soil/soil aggregate mixtures.  See agency requirements 
for method selection.  

• Method A Single Direction 

• Method B Two Direction 
 
Procedure 

1. Select a test location(s) randomly and in accordance with agency requirements.  Test sites should be 
relatively smooth and flat and meet the following conditions:   

a.  At least 10 m (30 ft) away from other sources of radioactivity, 

b.  At least 3 m (10 ft) away from large objects,   

c. The test site should be at least 150 mm (6 in.) away from any vertical projection, unless the gauge 
is corrected for trench wall effect. 

2. Remove all loose and disturbed material, and remove additional material as necessary to expose the top of the 
material to be tested. 

3. Prepare a flat area sufficient in size to accommodate the gauge. Plane the area to a smooth condition so as to 
obtain maximum contact between gauge and the material being tested.  For Method B, the flat area must be 
sufficient to permit rotating the gauge 90 or 180 degrees about the source rod. 

4. Fill in surface voids beneath the gauge with native fines passing the 4.75 mm (No. 4) sieve or finer.  Smooth 
the surface with the guide plate or other suitable tool.  The depth of the native fines filler should not exceed 
approximately 3 mm (1/8 in.). 

5. Make a hole perpendicular to the prepared surface using the guide plate and drive pin.  The hole shall be at 
least 50 mm (2 in.) deeper than the desired probe depth, and shall be aligned such that insertion of the probe 
will not cause the gauge to tilt from the plane of the prepared area.  Remove the drive pin by pulling straight 
up and twisting the extraction tool.  

6. Place the gauge on the prepared surface so the source rod can enter the hole without disturbing loose material. 

7. Insert the probe in the hole and lower the source rod to the desired test depth using the handle and trigger 
mechanism. 

8. Seat the gauge firmly by partially rotating it back and forth about the source rod.  Ensure the gauge is seated 
flush against the surface by pressing down on the gauge corners and making sure that the gauge does not rock. 

9. Pull gently on the gauge to bring the side of the source rod nearest to the scaler/detector firmly against the 
side of the hole. 

10. Perform one of the following per agency requirements: 
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a. Method A Single Direction: Take a test consisting of the average of two, one minute readings, and 
record both density and moisture data.  The two wet density readings should be within 32 kg/m3 

(2.0 lb/ft3) of each other.  The average of the two wet densities and moisture contents will be used to 
compute dry density.  

b. Method B Two Direction:  Take a one-minute reading and record both density and moisture data.  
Rotate the gauge 90 degrees or 180, pivoting it around the source rod.  Reseat the gauge by pulling 
gently on the gauge to bring the side of the source rod nearest to the scaler/detector firmly against the 
side of the hole and take one-minute reading.  (In trench locations, rotate the gauge 180 degrees for 
the second test.)  Some agencies require multiple one-minute readings in both directions. Analyze the 
density and moisture data.  A valid test consists of wet density readings in both gauge positions that 
are within 50 kg/m3 (3.0 lb/ft3).  If the tests do not agree within this limit, move to a new location.  
The average of the wet density and moisture contents will be used to compute dry density. 

11. If required by the agency, obtain a representative sample of the material, 4 kg (9 lb) minimum, from 
directly beneath the gauge full depth of material tested.  This sample will be used to verify moisture 
content and/or identify the correct density standard.  Immediately seal the material to prevent loss of 
moisture.   

The material tested by direct transmission can be approximated by a cylinder of soil approximately 300 
mm (12 in.) in diameter directly beneath the centerline of the radioactive source and detector. The height 
of the cylinder will be approximately the depth of measurement.  When organic material or large aggregate 
is removed during this operation, disregard the test information and move to a new test site.  

12. To verify the moisture content from the nuclear gauge, determine the moisture content with a 
representative portion of the material using the FOP for AASHTO T 255/T 265 or the FOP for AASHTO 
T 217. If the moisture content from the nuclear gauge is within ±1%, the nuclear gauge readings can be 
accepted. Retain the remainder of the sample at its original moisture content for a one-point compaction 
test under the FOP for AASHTO T 272, or for gradation, if required. 

Note 2:    Example: A Gauge reading of 16.8% moisture and an oven dry of 17.7% are within the ±1% requirements.  
Moisture correlation curves will be developed according to agency guidelines.  These curves should be reviewed and 
possibly redeveloped every 90 days.  

13. Determine the dry density by one of the following: 

a. From nuclear gauge readings, compute by subtracting the mass (weight) of the water (kg/m3 or lb/ft3) 
from the wet density (kg/m3 or lb/ft3) or compute using the % moisture by dividing wet density from 
the nuclear gauge by 1 + moisture content expressed as a decimal. 

b. When verification is required and the nuclear gauge readings cannot be accepted, the moisture content 
is determined by the FOP for AASHTO T 255/T 265 or the FOP for AASHTO T 217, compute dry 
density by dividing wet density from the nuclear gauge by 1 + moisture content expressed as a 
decimal. 
 

Percent Compaction 

• Percent compaction is determined by comparing the in-place dry density as determined by this procedure to 
the appropriate agency density standard.    For soil or soil-aggregate mixes, these are moisture-density curves 
developed using the FOP for AASHTO T 99 / T 180.  When using curves developed by the FOP for 
AASHTO T 99 / T 180, it may be necessary to use the FOP for AASHTO T 224 and FOP for AASHTO T 
272 to determine maximum density and moisture determinations.  

For coarse granular materials, the density standard may be density-gradation curves developed using a 
vibratory method such as AKDOT&PFs ATM 212, ITD’s T 74, WSDOT’s TM 606, or WFLHDs Humphrys. 
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See appropriate agency policies for use of density standards. 
  
Calculation 

Wet Density readings from gauge: 1963 kg/m3 (121.6 lb/ft3) 
  1993 kg/m3 (123.4 lb/ft3) 
 
 Ave: 1978 kg/m3 (122.5 lb/ft3) 
 
 Moisture readings from gauge: 14.2% & 15.4% = Ave 14.8% 
 
Moisture content from the FOP’s for AASHTO T 255/ T 265 or T 217:  15.9% 
 
Moisture content is greater than 1% different so the gauge moisture cannot be used. 
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Calculate the dry density as follows: 

 
Where: 
ρd = Dry density, kg/m3 (lb/ft3) 
ρw = Wet density, kg/m3 (lb/ft3) 
w = Moisture content from the FOP’s for AASHTO T 255 / T 265 as a percentage 

 

 
Corrected for moisture Dry Density: 1707 kg/m3 (105.7 lb/ft3) 
 
 
Report 
 
Results shall be reported on standard forms approved by the agency.  Include the following information: 
• Location of test, elevation of surface, and thickness of layer tested. 
• Visual description of material tested. 
• Make, model and serial number of the nuclear moisture-density gauge. 
• Wet density to 0.1 lb/ft3 . 
• Moisture content as a percent, by mass, of dry soil mass to 0.1 percent. 
• Dry density to 0.1 lb/ft3.  
• Standard density to 0.1 lb/ft3. 
• Percent compaction. 
• Name and signature of operator. 
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Addendum WAQTC for AASHTO T 310 
 
Following are guidelines for the use of WAQTC FOP for AASHTO T 310 by the State of Alaska DOT&PF. 

1. The procedure designated as Method A will be used. 

2. Report percent compaction to the nearest whole percent. 

3. The visual description of the material will be the material classification, i.e. Borrow, D-1, etc. 

4. The offset factor (k) shall be used to correct the moisture content reading from the gauge. 

a. Determine the offset factor (k) by: 
1) Average minimum five gauge derived moisture contents.  . 
2) Average minimum five moisture contents determined by WAQTC FOP for AASHTO T 

255/T 265 taken from the locations used to determine the gauge derived moistures. 
3) Calculate the offset factor (k) using the following formula. 

 

1000
%100

%%
×

+
−

=
GAUGE

GAUGELAB

M
MMk  

 
b. Follow the gauge Manufacturer’s instructions to enable the offset function to correct the moisture 

reading. 

c. Be sure to disengage the offset function upon completion of test. 

Note:  This procedure is set up for Troxler gauges (should note in Addendum) 

 

5. A representative sample of material is required from beneath the gauge for purposes of: verification of 
moisture content for nuclear gauge according to WAQTC FOP for T 310; correcting the Standard Density 
determined by WAQTC FOP for T 99/T 180, according to WAQTC FOP for T 224 when greater than 5% 
coarse particles are present; and determining the minus #4 for ATM 212.  

 
 A sample of material will not be required when any one of the following conditions applies: 

a. The Standard Density is determined by ATM 212, and the test meets the minimum density 
requirement using the maximum density from the peak of the curve. 

b. The Project Engineer may waive this requirement when testing top layer of surface course and the 
Standard Density is determined using WAQTC FOP for AASHTO T 99/T 180.  In this case, the 
percent coarse (oversized) for calculating the corrected density shall be established from prior 
gradations representing the material being tested. 

c. The nuclear gauge moisture has been determined to be within 1% of the oven dry moisture and is 
verified at the required frequency. 
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CORRECTION FOR COARSE PARTICLES IN THE SOIL COMPACTION TEST 
WAQTC FOP FOR AASHTO T 224 (See Addendum for DOT&PF Guidelines) 
 
Scope 
 

This procedure covers the adjustment of the maximum dry density determined by FOP for AASHTO T 99/ T 180 
to compensate for coarse particles retained on the 4.75 mm (No. 4) or 19.0 mm (3/4 in.) sieve.  For Methods A 
and B of FOP for AASHTO T 99/ T 180 the adjustment is based on the percent, by mass, of material retained on 
the 4.75 mm (No. 4) sieve and the bulk specific gravity Gsb of the material retained on the 4.75 mm (No. 4) sieve.  
A maximum of 40% of the material can be retained on the 4.75 mm (No. 4) sieve for this method to be used.  For 
Methods C and D of FOP for AASHTO T 99/ T 180, the adjustment is based on the percent, by mass, of material 
retained on the 19.0 mm (3/4 in.) sieve and the bulk specific gravity Gsb of the material retained on the 19.0 mm 
(3/4 in.) sieve.  A maximum of 30% of the material can be retained on the 19.0 mm (3/4 in.) sieve for this method 
to be used.  Whether the split is on the 4.75 mm (No. 4) or the 19.0 mm (3/4 in.) sieve all material retained on that 
sieve is defined as oversized material. 
 

This method applies to soils with percentages up to the maximums listed above for oversize particles.  A 
correction may not be practical for soils with only a small percentage of oversize material.  Agency shall specify a 
minimum percentage below which the method is not needed.  If not specified, this method applies when more 
than 5 percent by weight of oversize particles is present. 
 
Adjustment Equation Moisture 
 
Along with density the moisture content can be corrected. The moisture content can be determined by the FOP for 
AASHTO T 255 / T 265, or the nuclear density gauge moisture content reading from the FOP for AASHTO T 
310.  If the nuclear gauge moisture reading is used or when the moisture content is determined on the entire 
sample (both fine and oversized particles) the use of the moisture adjustment equation is not needed.  Combined 
moisture contents with material having an appreciable amount of silt or clay should be performed using FOP for 
AASHTO T 255 / T 265 (Soil).  Moisture contents used from FOP for AASHTO T 310 must meet the criteria for 
that method. 
 
When samples are split for moisture content (oversized and fine materials) the following adjustment equations 
must be followed. 
 
1. Split the sample into oversized material and fine material. 

2. Dry the oversized material following the FOP for AASHTO T 255 / T 265 (Aggregate).  If the fine material is 
sandy in nature dry using the FOP for AASHTO T 255 / T 265 (Aggregate),.  If the fine material has any 
appreciable amount of clay, dry using the FOP for AASHTO T 255 / T 265 (Soil). 

3. Calculate the dry mass of the oversize and fine material as follows:  

 
Where:  

MD = mass of dry material (fine or oversize particles). 

Mm = mass of moist material (fine or oversize particles). 

MC = moisture content of respective fine or oversized, expressed as a decimal. 
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M
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4.  Calculate the percentage of the fine and oversized particles by dry weight of the total sample as follows:  See 

note 2. 
 

 
      And 

 
   Or  for  Pc      Pc  = 100 - Pf        
 
Where: 
 
       Pf    =   percent of fine particles, of sieve used,    
                    by weight. 
       PC   =   percent of oversize particles, of sieve  
                    used, by weight. 
       MDF =   mass of fine particles. 
       MDC =   mass of oversize particles. 
 
 
5.   Calculate the corrected moisture content as follows: 
 

 
       MCT = corrected moisture content of combined  
                   fines and oversized particles, expressed  
                   as a % moisture. 
       MCF = moisture content of fine particles,  
                    as a % moisture. 
       MCC = moisture content of oversized particles,  
                   as a % moisture. 

 

Note 1: Moisture content of oversize material can be assumed to be two (2) percent for most construction applications. 
Note 2: In some field applications agencies will allow the percentages of oversize and fine materials to be determined with 
the materials in the wet state. 

 
Adjustment Equation Density 
 
Calculate the corrected dry density of the total sample (combined fine and oversized particles) as follows: 
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       Where: 
 
       Dd =  corrected total dry density (combined  
                 fine and oversized particles) kg/m3  
                 (lb/ft 3). 
       Df =  dry density of the fine particles kg/m3  
                (lb/ft3), determined in the lab. 
       PC =  percent of oversize particles, of sieve  
                 used, by weight. 
       Pf =   percent of fine particles, of sieve used,   
                by weight. 
       k  =  Metric:  

 1,000 * Bulk Specific Gravity (Gsb)  
 (oven dry basis) of coarse particles (kg/m3). 

 
       k =  English: 
                 62.4 * Bulk Specific Gravity (Gsb)  
                 (oven dry basis) of coarse particles (lb/ft3). 
 
Note 3: If the specific gravity is known, then this value will be used in the calculation.  For most construction activities the 
specific gravity for aggregate may be assumed to be 2.600. 

 
 
Calculation 
 
Sample Calculations: 
 
•  Metric: 
 

Maximum laboratory dry density (Df):  2329 kg/m3 
Percent coarse particles (PC): 27% 
Percent fine particles (Pf):  73% 
Mass per volume coarse particles (k):       (2.697) (1000) = 2697 kg/m3  

  
  
 
 
 
 
 
 
 
 
 
 
 

Dd = 2418.1   say   2418 kg/m3 
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•  English: 
 

Maximum laboratory dry density (DF): 140.4 lb/ft3 
Percent coarse particles (PC): 27% 
Percent fine particles (Pf): 73% 
Mass per volume of coarse particles (k):        (2.697) (62.4) = 168.3 lb/ft3 

  
 
  
 
 
 
 
 
 
 
 
 
 

 Dd = 146.98   say   147.0 lb/ft 3 

 
 
Report 
 
Results shall be reported on standard forms approved by the agency.  Report adjusted maximum dry density to the 
closest 1 kg/m3 (0.1 lb/ft3). 
 

)]73)(/3.168((27) )lb/ft [(140.4
)lb/ft )(168.3lb/ft (140.4 (100)D 33

33

d ftlb+
=

]9.12285[3790.8
932,362,2Dd +

=

16,076.7
2,362,932Dd =
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Addendum WAQTC FOP for AASHTO T 224 
 
Following are guidelines for the use of WAQTC FOP for AASHTO T 224 by the State of Alaska DOT&PF. 

1. The maximum allowable oversized (+19 mm  (3/4”)) material is 40 percent.  The maximum dry density to 
be used with material containing 30 to 40 percent oversized is the oversized correction calculated at 30 
percent. 

2. When testable materials have more than 40% retained on the 19mm  (3/4”) sieve, record the percent 
oversize, the moisture content, and record the test as Too Coarse To Test (TCTT). 
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SAMPLING OF AGGREGATES FOP FOR AASHTO T 2 (See Addendum for DOT&PF Guidelines) 
 
 
Scope 

This procedure covers sampling of fine and coarse aggregates (FA and CA) in accordance with AASHTO T 2.  
Sampling from conveyor belts, transport units, roadways, and stockpiles is covered. 

The specifications for some materials may require the contractor to provide a mechanical sampling system at 
crushers, screening operations, and mixing plants.  This system is normally a permanently attached device that 
allows a sample container to pass perpendicularly through the entire stream of material or diverts the entire stream 
of material into the container.  The sample container is normally larger at the bottom than the top (trapezoidal 
shaped), with the opening in the top based on the size of aggregate being sampled. 

Operation may be hydraulic, pneumatic, or manual, and shall allow the sample container to pass through the 
stream at least twice, once in each direction, without overfilling.  With manually operated systems, a consistent 
operating speed is difficult to maintain and may result in variably sized, non-representative samples.  For this 
reason, some agency specifications require that the sampling device be automatic or semi-automatic. 
 
Apparatus 

• Shovels, scoops, sampling tubes of acceptable dimensions. 

• Custom built sampling devices or templates suitable for varied sampling scenarios, and sampling 
containers. 

 
Procedure - General 

Sampling is as important as testing, and the technician shall use every precaution to obtain samples that will show 
the true nature and condition of the materials the sample represents. 

1. Wherever samples are taken, obtain multiple increments of approximately equal size. 

2. Mix the increments thoroughly to form a field sample that meets or exceeds the minimum mass recommended 
in Table 1. 

Note 1:  Based upon the tests required, the sample size may be four times that shown in Table 2 of the FOP for 
AASHTO T 27/T 11, if that mass is more appropriate. As a general rule the field sample size should be such that, 
when reduced twice will provide a testing sample of proper size. 
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TABLE 1 
Sample Sizes 

 
Nominal Maximum 

Size* mm (in.) 
Minimum Mass

g (lb) 
 

2.36 (No. 8)  10,000 (25)
4.75 (No. 4)  10,000 (25)
9.5 (3/8)  10,000 (25)
12.5 (1/2)  15,000 (35)
19.0 (3/4)  25,000 (55)
25.0 (1)  50,000 (110) 
37.5 (1 1/2)  75,000 (165) 
50 (2)  100,000 (220) 
63 (2 1/2)  125,000 (275) 
75 (3)  150,000 (330) 
90 (3 1/2)  175,000 (385) 

* One sieve larger than the first sieve to retain more than 10 percent of the material using an agency specified set of 
sieves based on cumulative percent retained. Where large gaps in specification sieves exist, intermediate sieve(s) may 
be inserted to determine nominal maximum size. Maximum size is one size larger than nominal maximum size. 

 
 Procedure – Specific Situations 

 In all situations, determine the time or location for sampling in a random manner. 

• Conveyor Belts 
 Avoid sampling at the beginning or end of the aggregate run due to the potential for segregation. 

Method A (From the Belt):   

1. Stop the belt.   

2. Set the sampling template in place on the belt, avoiding intrusion by adjacent material.   

3. Scoop off the sample, including all fines.  

4. Obtain a minimum of 3 increments. 

 
Method B (From the Belt Discharge):   

1. Pass a sampling device through the full stream of the material as it runs off the end of the conveyor 
belt. The sampling device may be manually, semi-automatic or automatically powered.    

2. The sample container shall pass through the stream at least twice, once in each direction, without 
overfilling while maintaining a constant speed during the sampling process.  

• Transport Units 
1. Visually divide the unit into four quadrants.  

2. Identify one sampling location in each quadrant.  

3. Dig down and remove approximately 0.3 m (1 ft) of material to avoid surface segregation. Obtain 
each increment from below this level.  

4. Combine the increments to form a single sample. 
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• Roadways 

Method A (Berm or Windrow):  

1. Sample prior to spreading. Take one increment from a minimum of three random locations along the fully-
formed windrow or berm.  

2. Do not take the increments from the beginning or the end of the windrow or berm.  

3. Obtain full cross-section samples of approximately equal size at each location. Take care to exclude the 
underlying material.   

4. Combine and mix thoroughly as a single field sample.  

Note 2: Sampling from berms or windrows may yield extra-large samples and may not be the preferred sampling 
location.  

Method B (In-Place):  
1. Sample after spreading and prior to compacting. 

2. Take one increment from each of at least three random locations of the roadway.  

3. Obtain full-depth samples of approximately equal size from each location. Take care to exclude the 
underlying material.  

4. Combine and mix thoroughly as a single field sample.  
 

•  Stockpiles 
Method A – Coarse and Fine Aggregates: create, with a loader if one is available, horizontal surfaces with vertical 
faces in the top, middle, and bottom third of the stockpile.  When no equipment is available a shovel may be used to 
create the horizontal surfaces with vertical faces. Prevent continued sloughing by shoving a flat board in against the 
vertical face.   Sloughed material will be discarded to create the horizontal surface. Sample from the horizontal 
surface at the intersection of the horizontal and vertical faces.  Take at least one increment from each of the top, 
middle, and bottom thirds of the pile and combine.  Increments should be of approximately equal size. 

Method B – Fine Aggregate (Sand): remove the outer layer that may have become segregated.  Using a sampling tube, 
obtain material from a minimum of five random locations on the pile and mix thoroughly to form one sample. 

Note 3: Sampling at stockpiles should be avoided whenever possible due to problems involved in obtaining a representative 
gradation of material. 
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Addendum WAQTC FOP for AASHTO T 2 
 
Following are guidelines for the use of WAQTC FOP for AASHTO T 2 by the State of Alaska DOT&PF. 

1. When sampling sand from a stockpile, the use of the sampling tube is optional.   

2. Table 1, Minimum (Field) Sample Size, is modified to allow for reduced sample sizes in accordance with 
the Alaska DOT&PF Guidelines for WAQTC FOP for AASHTO T 27/T 11 (i.e. the field sample size is 
such that when split twice, it will provide a testing sample of proper size for WAQTC FOP for AASHTO 
T 27/T 11). 

 
Table 1 

Sample Sizes 
Nominal Maximum 

Size*, 
Standard    Alternate 
    mm          inches 

 
Minimum Mass, 
kg                lb 

2.36 No. 8  10 25 
4.75 No. 4  10 25 
9.5 3/8”  10 25 

12.5 1/2”  15 35 
19.0 3/4”  25 55 
25.0 1”  45 100 
37.5 1/1/2”  65 145 
50 2”  85 190 
75 3”  125 275 

*Nominal Maximum Size: One sieve larger than the first 
sieve to retain more than 10 percent of the material using an 
agency specified set of sieves based on cumulative percent 
retained. Where large gaps in specification sieves exist, 
intermediate sieve(s) may be inserted to determine nominal 
maximum size. 
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REDUCING SAMPLES OF AGGREGATES TO TESTING SIZE 
FOP FOR AASHTO T 248 (See Addendum for DOT&PF Guidelines) 
 
 
Scope 

This procedure covers the reduction of samples to the appropriate size for testing in accordance with AASHTO T 
248. Techniques are used that minimize variations in characteristics between test samples and field samples.  
Method A (Mechanical Splitter) and Method B (Quartering) are covered. 

This procedure applies to fine aggregate (FA), coarse aggregate (CA), and mixes of the two, and may also be used 
on soils.  

Samples of fine aggregates that are drier than the saturated surface dry (SSD) condition shall be reduced by a 
mechanical splitter according to Method A.  Samples of FA that are at SSD or wetter than SSD shall be reduced 
by Method B, or the entire sample may be dried to the SSD condition – using temperatures that do not exceed 
those specified for any of the tests contemplated – and then reduced to test sample size using Method A.  Samples 
of CA or mixtures of FA and CA may be reduced by either method.  As a quick determination, if the fine 
aggregate will retain its shape when molded with the hand, it is wetter than SSD. 
 
Apparatus 

Method A – Mechanical Splitter 

Splitter chutes: 
• Even number of equal width chutes 
• Discharge alternately to each side 
• Minimum of 8 chutes total for CA, 12 chutes total for FA 
• Width: 

- Minimum 50 percent larger than largest particle 
- Maximum chute width of 19 mm (3/4 in.) for fine aggregate passing the 9.5 mm (3/8 in.) sieve 

Feed control: 
• Hopper or straightedge pan with a width equal to or slightly less than the overall width of the assembly of 

chutes 
• Capable of feeding the splitter at a controlled rate 

Splitter receptacles / pans: 
• Capable of holding two halves of the sample following splitting 

The splitter and accessory equipment shall be so designed that the sample will flow smoothly without restriction 
or loss of material. 

Method B – Quartering 

• Straightedge scoop, shovel, or trowel 
• Broom or brush 
• Canvas or plastic sheet, approximately 2 by 3 m (6 by 9 ft) 

 
Sample Preparation 

If the FA sample is wetter than the SSD condition and Method A – Mechanical Splitter is to be used, dry the 
material using temperatures not exceeding those specified for any of the tests contemplated for the sample. 

Note 1:  It may be undesirable to split some FA / CA mixtures that are over SSD condition using Method A. 
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Procedure 

Method A – Mechanical Splitter 

1. Place the sample in the hopper or pan and uniformly distribute it from edge to edge so that approximately 
equal amounts flow through each chute. The rate at which the sample is introduced shall be such as to allow 
free flowing through the chutes into the pans below. 

2. Split the sample from one of the two pans as many times as necessary to reduce the sample to the size 
specified for the intended test.  The portion of the material collected in the other pan may be reserved for 
reduction in size for other tests.   

3. As a check for effective splitting, determine the mass of each part of the split.  If the percent difference of the 
two masses is greater than 5 percent, corrective action must be taken.  See diagram below for a possible 
corrective action. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculation 

MasserargL
MassSmaller  = Ratio  (1 – Ratio) × 100 = % Difference 

Splitter check:  5127 total sample mass 
First splitter pan: 2583    
Second splitter pan: 2544 

2583
2544  = 0.985         (1 - 0.985) × 100 = 1.5% 

 
Procedure 

Method B – Quartering 

Use either of the following two procedures or a combination of both. 

Sample (S) is an amount equal to or 
greater than twice the mass needed for 
testing. Sample (S) is split in a 
mechanical splitter to yield parts (1) 
and (2)

21

S

BA

1

AB

2 Part (1) is further reduced 
yielding (A) and (B) while part 
(2) is reduced to yield (B) and 
(A).

Final testing sample is produced by combining 
alternate pans, i.e. A/A or B/B only.
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Procedure # 1: Quartering on a clean, hard, level surface 
1. Place the sample on a hard, clean, level surface where there will be neither loss of material nor the 

accidental addition of foreign material. 

2. Mix the material thoroughly by turning the entire sample over a minimum of three times.  With the last 
turning, shovel the entire sample into a conical pile by depositing each shovelful on top of the preceding 
one. 

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a shovel.  The 
diameter should be four to eight times the thickness. 

4. Divide the flattened pile into four approximately equal quarters with a shovel or trowel. 

5. Remove two diagonally opposite quarters, including all fine material, and brush the cleared spaces clean. 

6. Successively mix and quarter the remaining material until the sample is reduced to the desired size. 

7. The final test sample consists of two diagonally opposite quarters. 

Procedure # 2: Quartering on a canvas or plastic sheet 
1. Place the sample on the sheet.  

2. Mix the material thoroughly by turning the entire sample over a minimum of three times.  Lift each corner 
of the sheet, pulling it over the sample toward the diagonally opposite corner, causing the material to be 
rolled.  With the last turning, form a conical pile. 

3. Flatten the conical pile to a uniform thickness and diameter by pressing down with a shovel.  The 
diameter should be four to eight times the thickness. 

4. Divide the flattened pile into four approximately equal quarters with a shovel or trowel, or, insert a stick 
or pipe beneath the sheet and under the center of the pile, then lift both ends of the stick, dividing the 
sample into two roughly equal parts.  Remove the stick leaving a fold of the sheet between the divided 
portions.  Insert the stick under the center of the pile at right angles to the first division and again lift both 
ends of the stick, dividing the sample into four roughly equal quarters. 

5. Remove two diagonally opposite quarters, being careful to clean the fines from the sheet. 

6. Successively mix and quarter the remaining material until the sample size is reduced to the desired size. 

7. The final test sample consists of two diagonally opposite quarters. 
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Addendum WAQTC FOP for AASHTO T 248 
 
The following are guidelines for the use of WAQTC FOP for AASHTO T 248 by the State of Alaska DOT&PF: 

1. When determining the correct number of chutes, the chutes will be a minimum of 50% larger than the 
largest particle, utilizing the maximum number of chutes possible. 
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SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES 
FOP FOR AASHTO T 27 (See Addendum for DOT&PF Guidelines) 
 
MATERIALS FINER THAN 75 µm (No. 200) SIEVE IN MINERAL AGGREGATE BY 
WASHING (See Addendum for DOT&PF Guidelines) 
FOP FOR AASHTO T 11 
 
 
Scope 

Sieve analyses determine the gradation or distribution of aggregate particles within a given sample in order to 
determine compliance with design and production standards. 

Accurate determination of material smaller than 75 µm (No. 200) cannot be made with AASHTO T 27 alone.  If 
quantifying this material is required, it is recommended that AASHTO T 27 be used in conjunction with 
AASHTO T 11.  Following the procedure in AASHTO T 11, the sample is washed through a 75 µm (No. 200) 
sieve.  The amount of material passing this sieve is determined by comparing dry sample masses before and after 
the washing process. 

This procedure covers sieve analysis in accordance with AASHTO T 27 and materials finer than 75 µm (No. 200) 
in accordance with AASHTO T 11 performed in conjunction with AASHTO T 27.  The procedure includes three 
method choices, A, B and C. 
 
Apparatus 

• Balance or scale: capacity sufficient for the masses shown in Table 1, accurate to 0.1 percent of 
the sample mass or readable to 0.1 g.  Meeting the requirements of AASHTO M 231 

• Sieves – Meeting the requirements of AASHTO M 92 
• Mechanical sieve shaker – Meeting the requirements of AASHTO T 27 
• Suitable drying equipment (see FOP for AASHTO T 255) 
• Containers and utensils: a pan or vessel of a size sufficient to contain the sample covered with 

water and to permit vigorous agitation without loss of any part of the sample or water 
• Optional Mechanical washing device 
 

Sample Sieving 

In all procedures it is required to shake the sample over nested sieves. Sieves are selected to furnish information 
required by specification. The sieves are nested in order of decreasing size from the top to the bottom and the 
sample, or a portion of the sample, is placed on the top sieve.  

Sieves are shaken in a mechanical shaker for approximately 10 minutes, or the minimum time determined to 
provide complete separation for the sieve shaker being used.  

 
Time Evaluation 

The minimum time requirement should be evaluated for each shaker at least annually by the following method: 
continue shaking for a sufficient period and in such a manner that, after completion, not more than 0.5 percent by 
mass of the total sample passes any sieve during one minute of continuous hand sieving.   
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Provide a snug-fitting pan and cover, and hold in a slightly inclined position in one hand.  Strike the side of the 
sieve sharply and with an upward motion against the heel of the other hand at the rate of about 150 times per 
minute, turning the sieve about one sixth of a revolution at intervals of about 25 strokes.  In determining 
sufficiency of sieving for sizes larger than 4.75 mm (No. 4), limit the material on the sieve to a single layer of 
particles. 
 
Overload Determination 
Additional sieves may be necessary to provide other information, such as fineness modulus, or to keep from 
overloading sieves.  The sample may also be sieved in increments.  For sieves with openings smaller than 4.75 
mm (No. 4), the mass retained on any sieve shall not exceed 7 kg/m2 (4 g/in2) of sieving surface.  For sieves with 
openings 4.75 mm (No. 4) and larger, the mass, in grams shall not exceed the product of 2.5 x (sieve opening in 
mm) x (effective sieving area).  See Table 1. 

TABLE 1 
Maximum Allowable Mass of Material Retained on a Sieve, g 

Nominal Sieve Size, mm (in.) 
Exact size is smaller (see AASHTO T 27) 

 
 

Sample Preparation 

Obtain samples in accordance with the FOP for AASHTO T 2 and reduce to the size shown in Table 2 in 
accordance with the FOP for AASHTO T 248. 

These sample sizes are standard for aggregate testing, but due to equipment restraints, samples may need to be 
partitioned into several “subsamples.”  For example, a gradation that requires 100 kg (220 lbs) of material would 
not fit into a large tray shaker in one batch. 

Some agencies permit reduced sample sizes if it is proven that doing so is not detrimental to the test results.  
Some agencies require larger sample sizes.  

 Check agency guidelines for required or permitted test sample sizes. 

 
 

Sieve Size 
mm (in.) 

203 φ 
(8) 

305 φ 
(12) 

305 x 305 
(12 x 12) 

350 x 350 
(14 x 14) 

372 x 580 
(16 x 24) 

  Sieving Area m2 
  0.0285 0.0670 0.0929 0.1225 0.2158 

90 (3 1/2) * 15,100 20,900 27,600 48,500 
75 (3) * 12,600 17,400 23,000 40,500 
63 (2 1/2) * 10,600 14,600 19,300 34,000 
50 (2) 3600 8400 11,600 15,300 27,000 

37.5 (1 1/2) 2700 6300 8700 11,500 20.200 
25.0 (1) 1800 4200 5800 7700 13,500 
19.0 (3/4) 1400 3200 4400 5800 10,200 
16.0 (5/8) 1100 2700 3700 4900 8600 
12.5 (1/2) 890 2100 2900 3800 6700 
9.5 (3/8) 670 1600 2200 2900 5100 
6.3 (1/4) 440 1100 1500 1900 3400 

4.75 (No. 4) 330 800 1100 1500 2600 
-4.75 (-No. 4) 200 470 650 1200 1300 
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TABLE 2 
Sample Sizes for Aggregate Gradation Test 

 
Nominal Maximum 

Size* mm (in.) 
Minimum Dry Mass 

g   (lb) 
4.75 (No. 4) 500 (1) 

6.3 (1/4) 1000 (2) 
9.5 (3/8) 1000 (2) 

12.5 (1/2) 2000 (4) 
19.0 (3/4) 5000 (11) 
25.0 (1) 10,000 (22) 
37.5 (1 1/2) 15,000 (33) 

50 (2) 20,000 (44) 
63 (2 1/2) 35,000 (77) 
75 (3) 60,000 (130) 
90 (3 1/2) 100,000 (220) 

100 (4) 150,000 (330) 
125 (5) 300,000 (660) 

*Nominal Maximum size: One sieve larger than the first sieve to retain more than 10 percent of the material using an 
agency specified set of sieves based on cumulative percent retained. Where large gaps between specification sieves exist, 
intermediate sieve(s) may be inserted to determine nominal maximum size. 

 
Selection of Procedure 

Agencies may specify what method will be performed.  If a method is not specified Method A will be performed.  

Overview 
Method A 

• Determine dry mass of original sample 
• Wash through a 75μm (No. 200) sieve 
• Determine dry mass of washed sample 
• Sieve material 

Method B 
• Determine dry mass of original sample 
• Wash through a 75μm (No. 200) sieve 
• Determine dry mass of washed sample 
• Sieve coarse material 
• Determine mass of fine material  
• Reduce fine portion 
• Determine mass of reduced portion 
• Sieve fine portion 

Method C 
• Determine dry mass of original sample 
• Sieve coarse material 
• Determine mass of fine material 
• Reduce fine portion 
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• Determine mass of reduced portion 
• Wash through a 75μm (No. 200) sieve 
• Determine dry mass of washed sample 
• Sieve fine portion 

  
 
Procedure Method A 

1. Dry the sample to a constant mass in accordance with the FOP for AASHTO T 255, and record to the nearest 
0.1 percent of the total sample mass or 0.1 g. 

2. When the specification requires that the amount of material finer than 75 µm (No. 200) be determined, 
perform Step 3 through Step 10; otherwise, skip to Step 11. 

3. Nest a sieve, such as a 2.0 mm (No. 10), above the 75 µm (No. 200) sieve. 

4. Place the test sample in a container and add sufficient water to cover it. 

Note 1:  A detergent, dispersing agent, or other wetting solution may be added to the water to assure a thorough 
separation of the material finer than the 75 µm (No. 200) sieve from the coarser particles.  There should be enough 
wetting agent to produce a small amount of suds when the sample is agitated.  Excessive suds may overflow the sieves and 
carry material away with them. 

5. Agitate vigorously to ensure complete separation of the material finer than 75 µm (No. 200) from coarser 
particles and bring the fine material into suspension above the coarser material.  When using a mechanical 
washing device, exercise caution to not degrade the sample. 

6. Immediately pour the wash water containing the suspended and dissolved solids over the nested sieves, being 
careful not to pour out the coarser particles. 

7. Add a second change of water to the sample remaining in the container, agitate, and repeat Step 6.  Repeat the 
operation until the wash water is reasonably clear.  If a detergent or dispersing agent was used, continue 
washing until the agent is removed. 

8. Remove the upper sieve and rinse the material retained on the 0.75 mm (No.200) sieve until water passing 
through the sieve is reasonably clear. 

9.  Return all material retained on the nested sieves to the container by flushing into the washed sample.   

10. Dry the washed aggregate to constant mass in accordance with the FOP for AASHTO T 255, and then cool 
prior to sieving.  Record the “dry mass after washing.” 

11. Select sieves to furnish the information required by the specifications. Nest the sieves in order of decreasing 
size from top to bottom and place the sample, or a portion of the sample, on the top sieve. 

12. Place sieves in mechanical shaker and shake for the minimum time determined to provide complete separation 
for the sieve shaker being used approximately 10 minutes. 

Note 2: Excessive shaking (more than 10 minutes) may result in degradation of the sample. 

13. Determine the individual or cumulative mass retained on each sieve and the pan to the nearest 0.1 percent or 
0.1 g.  Ensure that all particles trapped in the openings of the sieve are cleaned out and included in the mass 
retained. 

Note 3: Use coarse wire brushes to clean the 600 µm (No. 30) and larger sieves, and soft bristle brushes for smaller sieves. 

14. In the case of coarse/fine aggregate mixtures, the minus 4.75mm (No. 4) may be distributed among two or 
more sets of sieves to prevent overloading of individual sieves.   
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Calculations 

The total mass of the material after sieving, for both coarse and fine portions should check closely with the 
original mass of sample placed on the sieves.  If performing T 11 with T 27 this would be the dry mass after wash.  
If performing just T 27 this would be the original dry mass.  When the masses before and after sieving differ by 
more than 0.3 percent do not use the results for acceptance purposes. 

Calculate the total percentages passing, individual or cumulative percentages retained, or percentages in various 
size fractions to the nearest 0.1 percent by dividing the masses for method A, or adjusted masses for methods B 
and C, on the individual sieve masses or cumulative sieve masses by the total mass of the initial dry sample.  If 
the same test sample was first tested by T 11, use the total dry sample mass prior to washing in T 11 as the basis 
for calculating all percentages.  Report percent passing as indicated in the “Report” section at the end of this FOP. 

Percent Retained: 
 
Where: 

 IPR=  Individual Percent Retained   

 CPR= Cumulative Percent Retained 

 M= Total original Dry Sample mass  

IMR= Individual Mass Retained OR Adjusted Individual mass from Methods B or C 

 CMR= Cumulative Mass Retained  OR Adjusted Cumulative Mass  
  from Methods B or C 

 

IMRIPR 100
M

= ×  OR  
CMRCPR 100

M
= ×    

 Percent Passing (Calculated): 

 Where: 

  PP= Percent Passing 

  PPP= Previous Percent Passing  

  

 PP = PPP-IPR OR PP = 100-CPR 

 
Method A Sample Calculation  

Calculate percent retained on and passing each sieve on the basis of the total mass of the initial dry sample.  This 
will include any material finer than 75 µm (No. 200) that was washed out. 

 
Example:  

Dry mass of total sample, before washing: 5168.7 g 

Dry mass of sample, after washing out the 75µm (No. 200) minus: 4911.3 g 
Amount of 75µm (No. 200) minus washed out: 5168.7 g – 4911.3 g = 257.4 g 
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Gradation on All Sieves 
 

 
 

Sieve Size 
mm (in.) 

 
Individual 

Mass 
Retained, g 

(IMR) 

 
Individual 

Percent 
Retained 

(IPR) 

 
Cum. 
Mass 

Retained, g
(CMR) 

 
Cum. 

Percent 
Retained 

(CPR) 

 
Calc’d 
Percent 
Passing 
(CPP) 

 
Reported 
Percent 
Passing* 

(RPP) 
 19.0 (3/4) 0 0 0 0.0 100.0 100
 12.5 (1/2) 724.7 14.0 724.7 14.0 86.0 86
 9.5 (3/8) 619.2 12.0 1343.9 26.0 74.0 74
 4.75 (No. 4) 1189.8 23.0 2533.7 49.0 51.0 51
 2.36 (No. 8) 877.6 17.0 3411.3 66.0 34.0 34
 1.18 (No. 16) 574.8 11.1 3986.1 77.1 22.9 23
0.600  (No. 30) 329.8 6.4 4315.9 83.5 16.5 16
0.300 (No. 50) 228.5 4.4 4544.4 87.9 12.1 12
0.150 (No. 100) 205.7 4.0 4750.1 91.9 8.1 8
 0.075 (No. 200) 135.4 2.6 4885.5 94.5 5.5 5.5
Pan 20.4  4905.9  

 *Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent. 

Check sum: [(4911.3 -4905.9) / 4911.3] X 100 = 0.11 % is within the 0.3 percent requirement. 

 
Percent Retained: 

9.5 mm (3/8) Sieve 
619.212.0% 100

5168.7
= ×  OR    

1343.926.0% 100
5168.7

= ×  

Percent Passing (Calculated):  

9.5 mm (3/8) Sieve 74.0% = 86.0 - 12.0 or 74.0% = 100 – 26.0 
 
Procedure Method B 

1. Perform steps 1 thru 10 from the “Procedure Method A” then continue as follows: 

2. Select sieves to furnish information required by the specifications. Nest the sieves in order of decreasing size 
from top to bottom through the 4.75 mm (No.4) with a pan at the bottom to retain the minus 4.75 mm (No. 4). 

3. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in the mechanical shaker 
or place the sieves in the mechanical shaker and shake for the minimum time determined to provide complete 
separation for the sieve shaker being used approximately 10 minutes. 

Note2: Excessive shaking (more than 10 minutes) may result in degradation of the sample. 

4. Determine the individual or cumulative mass retained on each sieve to the nearest 0.1 percent or 0.1 g.  
Ensure that all particles trapped in the openings of the sieve are cleaned out and included in the mass retained. 

Note3: Use coarse wire brushes to clean the 600 µm (No. 30) and larger sieves, and soft hair bristle for smaller sieves. 

5. Determine the mass of the material in the pan [minus 4.75 mm (No. 4)] (M1). 
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6. Reduce the minus 4.75 mm (No. 4) using a mechanical splitter in accordance with the FOP for AASHTO T 
248 to produce a sample with a mass of 500 g minimum.  Determine and record the mass of the minus 4.75 
mm (No. 4) split (M2). 

7. Select fine sieves to furnish information required by the specifications. Nest the sieves in order of 
decreasing size from top to bottom through the 75 µm (No. 200) with a pan at the bottom to retain 
the minus 75µm (No. 200). 

8. Repeat steps 3 and 4, Method B, with the minus 4.75 mm (No. 4) including determining the mass of 
the material in the pan. 

9a. Compute the “Adjusted Individual Mass Retained” of the size increment of the original sample as follows 
when determining “Individual Mass Retained”. 

Where: 

IMR = Adjusted individual mass retained of the size increment on a total sample basis 

M1 = mass of minus 4.75mm (No. 4) sieve in total sample 

M2 = mass of minus 4.75mm (No. 4) sieve actually sieved 

B = individual mass of the size increment in the reduced portion sieved. 

9b. Compute the “Adjusted Cumulative Mass Retained” of the size increment of the original sample as follows 
when determining “Cumulative Mass Retained”: 

Where: 

CMR = Total cumulative mass retained of the size increment based on a total sample  

M1 = mass of minus 4.75mm (No. 4) sieve in total sample 

M2 = mass of minus 4.75mm (No. 4) sieve actually sieved 

B = cumulative mass of the size increment in the reduced portion sieved. 

D = cumulative mass of plus 4.75mm (No. 4) portion of sample. 
 

Method B Sample Calculation 
Sample calculation for percent retained and percent passing each sieve in accordance with Method B when the 
previously washed 4.75mm (No. 4) minus material is split. 

Example: 

Dry mass of total sample, before washing: 3214.0 g 

Dry mass of sample, after washing out the 75 µm (No. 200) minus: 3085.1 g 

Amount of 75 µm (No. 200) minus washed out: 3214.0 g – 3085.1 g = 128.9 g  

  
 

1

2

MIMR =   B
M

×

1

2

MCMR = B D 
M

⎛ ⎞
× +⎜ ⎟

⎝ ⎠
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Gradation on Coarse Sieves 

Sieve 
Size 

mm (in.) 

Individual 
Mass 

Retained, g 
(IMR) 

Individual 
Percent 

Retained 
(IPR) 

Cumulative  
Mass 

Retained, g 
(CMR) 

Cumulative 
Percent 

Retained 
(CPR) 

Calculated 
Percent 
Passing 
(CPP) 

16.0 (5/8) 0 0 0 0 100 
12.5 (1/2) 161.1 5.0 161.1 5.0 95.0 
9.50 (3/8) 481.4 15.0 642.5 20.0 80.0 
4.75 (No. 4) 475.8 14.8 1118.3 34.8 65.2 
Pan 1966.7 (M1)  3085.0   

 

Coarse check sum: [(3085.1 -3085.0) / 3085.1] X 100 = 0.00 % is within the 0.3 percent requirement. 

Note4:  The pan mass determined in the laboratory (M1) and the calculated mass (3085.1 – 1118.3 = 1966.8) should be the 
same if no material was lost. 

The pan (1966.7 g) was reduced in accordance with the FOP for AASHTO T 248, so that at least 500 g are 
available.  In this case, the mass determined was 512.8 g.  This is M2. 

In order to account for the fact that only a portion of the minus 4.75mm (No. 4) material was sieved, the mass of 
material retained on the smaller sieves is adjusted by a factor equal to M1/M2.  The factor determined from M1/M2 

must be carried to three decimal places.  Both the individual mass retained and cumulative mass retained formulas 
are shown. 

Individual mass retained: 
 M1 = total mass of the minus 4.75mm (No. 4) before reducing. 
 M2 = mass before sieving from the  reduced portion of the minus 4.75 mm (No. 4). 

 
 
 

Each “individual mass retained” on the fine sieves must be multiplied by this adjustment factor.  For example, the 
overall mass retained on the 2.00mm (No. 10) sieve is 3.835 x 207.1 g = 794.2 g as shown in the following table. 

Final Gradation on All Sieves 
Calculation by Individual Mass 

 
Sieve Size 
mm (in.) 

Individual 
Mass Retained, g 

(IMR) 

Adjusted 
Individual 

Mass Retained 
(AIMR) 

Individual 
Percent 

Retained 
(IPR) 

Calc’d 
Percent 
Passing 
(CPP) 

Reported 
Percent 
Passing* 

(RPP) 
 16.0 (5/8) 0 0 0.0 100.0 100 
 12.5 (1/2) 161.1 161.1 5.0 95.0 95 
 9.5 (3/8) 481.4 481.4 15.0 80.0 80 
 4.75 (No. 4) 475.8 475.8 14.8 65.2 65 
 2.0 (No. 10) 207.1    x 3.835 794.2 24.7 40.5 40 
 0.425 (No. 40) 187.9    x 3.835 720.6 22.4 18.1 18 
 0.210 (No. 80) 59.9    x 3.835 229.7 7.1 11.0 11 
 0.075 (No. 200) 49.1    x 3.835 188.3 5.9 5.1 5.1 
Pan 7.8    x 3.835 29.9    
Dry mass of total sample, before washing: 3214.0 g 

 
3.835 

g 512.8 
g 1,966.7 

M 
M 

2 
1 = = 
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*Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent 

Fine check sum: [(512.8-511.8) / 512.8] X 100 = 0.2% is within the 0.3 percent requirement. 

For Percent Passing (Calculated) see “Calculation” under Method A  

Cumulative mass retained: 
     M1 = mass of the minus 4.75 mm (No. 4) before split. 
     M2 = mass before sieving of the split of the minus 4.75 mm (No. 4). 
 
 
 

Each “cumulative mass retained” on the fine sieves must be multiplied by this adjustment factor then the 
cumulative mass of plus 4.75 mm (No. 4) portion of sample is added to equal the adjusted cumulative 
mass retained . 

For example, the adjusted cumulative mass retained on the 0.425 mm (No. 40) sieve is 

3.835 x 395.0 g = 1514.8 g           

1514.8 + 1118.3 g = 2633.1“Total Cumulative Mass Retained” as shown in the following table 

Final Gradation on All Sieves 
Calculation by Cumulative Mass 

 
 

Sieve Size 
mm (in.) 

Cumulative 
Mass 

Retained, g 
(CMR) 

Adjusted
Cumulative 

Mass 
Retained, g 

(ACMR) 

Total 
Cum. 
Mass 

Retnd., g 
(TCMR) 

Cum. 
Percent 
Retnd. 
(CPR) 

 
Calc’d 
Percent 
Passing 
(CPP) 

Reported 
Percent 
Passing* 

(RPP) 
 16.0 (5/8) 0 0 0.0 100.0 100
 12.5 (1/2) 161.1 161.1 5.0 95.0 95
 9.5 (3/8) 642.5 642.5 20.0 80.0 80
 4.75 (No. 4) 1118.3 1118.3 34.8 65.2 65
 2.0 (No. 10) 207.1 x 3.835 794.2 + 1118.3 1912.5 59.5 40.5 40
 0.425 (No. 40) 395.0 x 3.835 1514.8 + 1118.3 2633.1 81.9 18.1 18
 0.210 (No. 80) 454.9 x 3.835 1744.5 + 1118.3 2862.8 89.1 10.9 11
 0.075 (No. 200) 504.0 x 3.835 1932.8 + 1118.3 3051.1 94.9 5.1 5.1
Pan 511.8 x 3.835 1962.8 + 1118.3 3081.1  

*Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent 

Fine check sum: [(512.8-511.8) / 512.8] X 100 = 0.2% is within the 0.3 percent requirement. 
 
For Percent Passing (Calculated) see “Calculation” under Method A  
 
Procedure Method C 

1. Dry sample in accordance with FOP for AASHTO T 255.  Determine and record the total dry mass of the 
sample to the nearest 0.1 percent.  

Note5: AASHTO T 27 allows for coarse aggregate to be run in a moist condition unless the nominal maximum size of the 
aggregate is smaller than 12.5 mm (1/2 in.), the coarse aggregate (CA) contains appreciable material finer than 4.75 mm (No. 
4), or the coarse aggregate is highly absorptive. 

 3.835
g512.8
g1,966.7

M
M

2

1 ==
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2. Break up any aggregations or lumps of clay, silt or adhering fines to pass the 4.75 mm (No. 4) sieve.  If 
substantial coatings remain on the coarse particles in amounts that would affect the percent passing any of the 
specification sieves, the sample should be tested with either Method A or Method B.  

3. Select sieves to furnish information required by the specifications. Nest the sieves in order of decreasing size 
from top to bottom through the 4.75 mm (No.4) with a pan at the bottom to retain the minus 4.75 mm (No. 4). 

4. Place the sample, or a portion of the sample, on the top sieve. Sieves may already be in the mechanical shaker 
or place the sieves in the mechanical shaker and shake for the minimum time determined to provide complete 
separation for the sieve shaker being used, approximately 10 minutes. 

Note2: Excessive shaking (more than 10 minutes) may result in degradation of the sample. 

5. Determine the individual or cumulative mass retained on each sieve to the nearest 0.1 percent or 0.1 g.  
Ensure that all particles trapped in the openings of the sieve are cleaned out and included in the mass retained. 

Note3: Use coarse wire brushes to clean the 600 µm (No. 30) and larger sieves, and soft bristle brush for smaller sieves. 

6. Determine the mass of material in the pan [minus 4.75 mm (No. 4)] (M1).   

7. Reduce the minus 4.75mm (No. 4) using a mechanical splitter in accordance with the FOP for AASHTO 
T 248 to produce a sample with a mass of 500 g minimum. 

8. Determine and record the mass of the minus 4.75mm (No. 4) split (M3). 

9. Perform steps 3 thru 10 of Method A (Wash) on the minus 4.75mm (No. 4) split.     

10. Select fine sieves to furnish information required by the specifications. Nest the sieves in order of decreasing 
size from top to bottom through the 75µm (No. 200) with a pan at the bottom to retain the minus 75 µm (No. 
200). 

11. Repeat steps 4 and 5, Method C, with the minus 4.75mm (No. 4) including determining the mass of the 
material in the pan. 

12a.Compute the “Adjusted Individual Mass Retained” of the size increment of the original sample as follows 
when determining “Individual Mass Retained”: 

Where: 

IMR = Adjusted individual mass of the size increment on a total sample basis 

M1 = mass of the minus 4.75mm (No. 4) sieve in total sample 

M3 = mass of reduced portion of the minus 4.75mm (No. 4) before washing 

B = mass of the size increment in the reduced portion sieved. 

12b.Compute the “Adjusted Cumulative Mass Retained” of the size increment of the original sample as follows 
when determining “Cumulative Mass Retained”: 

Where: 

CMR = Total cumulative mass of the size increment based on a total sample  

M1 = mass of fraction finer than 4.75mm (No. 4) sieve in total sample 

1

3

MCMR = B D 
M

⎛ ⎞
× +⎜ ⎟

⎝ ⎠

B x 
M
M = IMR

3

1
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M3 = mass of reduced portion of material finer than 4.75mm (No. 4) before washing 

B = cumulative mass of the size increment in the reduced portion sieved. 

D = cumulative mass of plus 4.75mm (No. 4) portion of sample. 
 

Method C Sample Calculation 
Sample calculation for percent retained and percent passing each sieve in accordance with Method C 
when the minus 4.75mm (No. 4) material is reduced and then washed: 

Dry Mass of total sample: 3304.5 g 

Dry Mass of minus 4.75mm (No. 4) reduced portion before wash: 527.6 

Dry Mass of minus 4.75mm (No. 4) reduced portion after wash: 495.3 

Gradation on Coarse Sieves 
Sieve 
Size 

mm (in.) 

Individual 
Mass 

Retained, g 
(IMR) 

Individual
Percent 

Retained 
(IPR) 

Cumulative 
Mass 

Retained, g 
(CMR) 

Cumulative 
Percent 

Retained 
(CPR) 

Cal’d
Percent 
Passing 
(CPP) 

16.0 (5/8) 0 0 0 0 100.0
12.5 (1/2) 125.9 3.8 125.9 3.8 96.2
9.50 (3/8) 478.2 14.5 604.1 18.3 81.7
4.75 (No. 4) 691.5 20.9 1295.6 39.2 60.8
Pan 2008.9 (M1) 3304.5  
Total Dry Mass = 3304.5  

 
Coarse check sum: [(3304.5 -3304.5) / 3304.5] × 100 = 0.0 % is within the 0.3 percent requirement 

Note4:  The pan mass determined in the laboratory (M1) and the calculated mass (3304.5 – 1295.6 = 2008.9) should be the 
same if no material was lost. 

The pan (2008.9 g) was reduced in accordance with the FOP for AASHTO T 248, so that at least 500 g are 
available.  In this case, the mass determined was 527.6 g.  This is M3. 

In order to account for the fact that only a portion of the minus 4.75 mm (No. 4) material was washed and sieved, 
the mass of material retained on the smaller sieves is adjusted by a factor equal to M1/M3.  The factor determined 
from M1/M3 must be carried to three decimal places.  Both individual mass retained and cumulative mass retained 
formulas are shown. 

Individual mass retained: 
 M1 = mass of the total minus 4.75mm (No. 4) before  reducing. 

 M3 = mass before washing of the reduced portion  of the minus 4.75mm (No. 4). 
 
 
 
Each “individual mass retained” on the fine sieves must be multiplied by this adjustment factor. 

For example, the overall mass retained on the 2.00 mm (No. 10) sieve is 

3.808 × 194.3 = 739.9   as shown in the following table 

 

3.808
g527.6
g2008.9

M
M

3

1 ==



Sieve Analysis of 304-12 Alaska Test Methods Manual 
Fine and Coarse Aggregates 10/08 
Effective 4/15/09 

Final Gradation on All Sieves 
Calculation by Individual Mass 

 
 

Sieve Size 
mm (in.) 

Individual 
Mass Retained, g 

(IMR) 

Adjusted 
Individual 

Mass 
Retained, g 

(AIMR) 

Individual 
Percent 

Retained 
(IPR) 

Calculated 
Percent 
Passing 
(CPP) 

Reported 
Percent 
Passing* 

(RPP) 

 16.0 (5/8) 0 0 0.0 100.0 100 
 12.5 (1/2) 125.9 125.9 3.8 96.2 96 
 9.5 (3/8) 478.2 478.2 14.5 81.7 82 
 4.75 (No. 4) 691.5 691.5 20.9 60.8 61 
 2.0 (No. 10) 194.3    x 3.808 739.9 22.4 38.4 38 
 0.425 (No. 40) 171.3    x 3.808 652.3 19.7 18.7 19 
 0.210 (No. 80) 65.2    x 3.808 248.3 7.5 11.1 11 
 0.075 (No. 200) 53.6    x 3.808 204.1 6.2 5.0 5.0 
Pan 10.7    x 3.808 40.7    
Dry mass of minus 4.75 mm (No. 4) sample, before washing: 527.6 g 
Dry mass of minus 4.75 mm (No. 4) sample, after washing: 495.3 g 

     

*Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent 
Fine check sum: [(495.3 – 495.1) / 495.3] × 100 = 0.04% is within the 0.3 percent requirement. 

For Percent Passing (Calculated) see Calculation under Method A 

Cumulative mass retained: 
M1 = total mass of the minus 4.75mm (No. 4) before reducing. 
M3 = mass before washing of the reduced portion  of the minus 4.75mm (No. 4). 

 
 
 
Each “cumulative mass retained” on the fine sieves must be multiplied by this adjustment factor then the 
cumulative mass of plus 4.75 mm (No. 4) portion of sample is added to equal the total cumulative mass 
retained . 

For example, the adjusted cumulative mass retained on the0.425.00 mm (No. 40) sieve is 

3.808 ×4365.6 g = 1392.2g           

1392.2 + 1295.6 g = 2687.8 “Total Cumulative Mass Retained” as shown in the following table  

3.808
g527.6
g2008.9

M
M

3

1 ==
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Final Gradation on All Sieves 
Calculation by Cumulative Mass 

 
 

Sieve Size 
mm (in.) 

Cumulative 
Mass 

Retained, g 
(CMR) 

Adjusted 
Cumulative 

Mass Retained, 
g 

(ACMR) 

Total 
Cum. 
Mass 

Retnd., g 
(TCMR) 

 
Cum. 

Percent 
Retnd. 
(CPR) 

 
Cal’d 

Percent 
Passing 
(CPP) 

 
Reported 
Percent 
Passing* 

(RPP) 
 16.0 (5/8) 0  0 0.0 100.0 100.0 
 12.5 (1/2) 125.9  125.9 3.8 96.2 96 
 9.5 (3/8) 604.1  604.1 18.3 81.7 82 
 4.75 (No. 4) 1295.6  1295.6 39.2 60.8 61 
 2.0 (No. 10) 194.3 x 3.808 739.9 + 1295.6 2035.5 61.6 38.4 38 
 0.425 (No. 40) 365.6 x 3.808 1392.2 + 1295.6 2687.8 81.3 18.7 19 
 0.210 (No. 80) 430.8 x 3.808 1640.5 + 1295.6 2936.1 88.9 11.1 11 
 0.075 (No. 200) 484.4 x 3.808 1844.6 + 1295.6 3140.2 95.0  5.0 
Pan 495.1 x 3.808 1885.3 + 1295.6 3180.9    
Dry mass of minus 4.75 mm (No. 4) sample, before washing: 527.6 g 
Dry mass of minus 4.75 mm (No. 4) sample, after washing: 495.3 g 

  
 

   

*Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent 

Fine check sum: [(495.3 – 495.1) / 495.3] ×100= 0.04% is within the 0.3 percent requirement. 

For Percent Passing (Calculated) see “Calculation” under Method A 
 
Fineness Modulus  

Fineness Modulus (FM) is used in determining the degree of uniformity of the aggregate gradation in PCC mix 
designs.  It is an empirical number relating to the fineness of the aggregate.  The higher the FM, the coarser the 
aggregate.  Values of 2.40 to 3.00 are common for FA in PCC. 

The sum of the cumulative percentages retained on specified sieves 150 mm (6”), 75 mm (3”), 37.5 mm (11/2), 19.0 mm 
(3/4), 9.5 mm (3/8), 4.75 mm (No.4), 2.36 mm (No.8), 1.18 mm (No.16), 0.60 mm (No.30), 0.30 mm (No.50), and 0.15 mm 
(No.100) divided by 100 gives the FM.
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Sample Calculation  

 Example A  Example B 
 Percent  Percent 
  Retained   Retained 

Sieve Size 
mm (in) 

 
Passing 

 On Spec’d 
Sieves* 

  
Passing 

 On Spec’d 
Sieves* 

75*(3) 100 0 0  100 0 0 
63(21/2) 100 0 --  100 0 -- 

50(2) 100 0 --  100 0 -- 
37.5*(11/2) 100 0 0  100 0 0 

25(1) 53 47 --  100 0 -- 
19*(3/4) 15 85 85  100 0 0 
12.5(1/2) 0 100 --  100 0 -- 
9.5*(3/8) 0 100 100  100 0 0 
6.3(1/4) 0 100 --  100 0 -- 

4.75*(No.4) 0 100 100  100 0 0 
2.36*(No.8) 0 100 100  87 13 13 
1.18*(No.16) 0 100 100  69 31 31 
0.60*(No.30 0 100 100  44 56 56 
0.30*(No.50) 0 100 100  18 82 82 
0.15*(100) 0 100 100  4 96 96 

   ∑ = 785    ∑ = 278 
   FM = 7.85    FM = 2.78 

In decreasing size order, each * sieve is one-half the size of the preceding * sieve. 
 
Report 

Results shall be reported on standard forms approved for use by the agency.  Depending on the agency, this may 
include 

• Mass retained on each sieve 

• Percent retained on each sieve 

• Cumulative mass retained on each sieve 

• Cumulative percent retained on each sieve 

• Percent passing each sieve to the nearest 1 percent except for the percent passing the 75 µm (No. 200) 
sieve, which shall be reported to the nearest 0.1 percent 

• FM to the nearest 0.01 
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Addendum WAQTC FOP for AASHTO T 27/T 11 
 
Following are guidelines for the use of WAQTC FOP for AASHTO T 27/T 11 by the State of Alaska DOT&PF. 

1. Delete Table 1 and replace with Table 3: 
Table 3 

Sample sizes for Aggregate Sieve Analysis 
Nominal Maximum 

Size* 
Minimum Mass 

Standard Alternate   
mm In kg lb 
4.75 No. 4 0.5 1 
6.3 1/4″ 1 2 
9.5 3/8″ 1 2 

12.5 1/2″ 2 4 
19.0 3/4″ 5 11 
25.0 1″ 10 22 
37.5 1-1/2″ 15 33 
50 2″ 20 44 
75 3″ 30 66 

*Nominal Maximum size: One sieve larger than the first sieve to 
retain more than 10 percent of the material using an agency 
specified set of sieves based on cumulative percent retained. 
Where large gaps between specification sieves exist, intermediate 
sieve(s) may be inserted to determine nominal maximum size. 

2. DOT&PF does not allow the coarse aggregate to be run in a moist condition for sieve analysis. 

3. Unless otherwise specified, Method C shall be used. 

4. The following alternate method of calculation can be used for Method C.  When using alternate method, 
replace “Method C Sample Calculation” with the following: 

Dry Mass of total sample: M = 3304.5 g 

Dry Mass of minus 4.75mm (No. 4) reduced portion before wash: M-#4 = 527.6 

Dry Mass of minus 4.75mm (No. 4) reduced portion after wash: 495.3 

                   100CPP CPR= −  
 

Gradation on Coarse Sieves 

Sieve 
Size 

mm (in.) 

Cumulative 
Mass 

Retained, g 
(CMR) 

Cal’d 
Percent 

Retained 
(CPR) 

Cal’d 
Percent 
Passing 
(CPP) 

Reported 
Percent 
Passing* 

(RPP) 
16.0 (5/8) 0 0.0 100.0 100 
12.5 (1/2) 125.9 3.8 96.2 96 
9.50 (3/8) 604.1 18.3 81.7 82 
4.75 (No. 4) 1295.6 39.2 60.8 61 
Pan 2008.9    
Total Dry Sample = 3304.5  

( )CMR
 CPR 100

M
= ×
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Coarse check sum: [(3304.5 -3304.5) / 3304.5] × 100 = 0.0 % is within the 0.3 percent requirement 

For Coarse Percent Passing (Calculated) see “Calculation” under Method A 

Note4:  The pan mass determined in the laboratory and the calculated mass (3304.5 – 1295.6 = 2008.9) should be the same if 
no material was lost. 

The pan (2008.4 g) was reduced in accordance with the FOP for AASHTO T 248, so that at least 500 g are 
available.  In this case, the mass determined was M-#4 = 527.6 g. 
 

                                                        #4 #4100CPP CPR− −= −                 ( )#4 #4 100CPP CPP CPP−= × ÷      
         

Where: 
CMR-#4 = Cumulative mass retained for the sieve size based on a -#4 split sample  

CPR-#4= Calculated percent retained based on the -#4 split 

CPP-#4 = Calculated percent passing based on the -#4 split 

M-#4 = Total mass of the -#4 split before washing. 

CPP#4 = Calculated percent passing the #4 sieve. 

 
Final Gradation on All Sieves 

Calculation by Individual Mass 
 
 

Sieve Size 
mm (in.) 

 
Cumulative 

Mass 
Retained, g 
(CMR-#4) 

 
Cal’d 

Percent 
Retained-#4 

(CPR-#4) 

 
Cal’d 

Percent 
Passing-#4 
(CPP-#4) 

 
Cal’d 

Percent 
Passing 
(CPP) 

 
Reported 
Percent 
Passing* 

(RPP) 
 16.0 (5/8)    100.0 100 
 12.5 (1/2)    96.2 96 
 9.5 (3/8)    81.7 82 
 4.75 (No. 4)    60.8 61 
 2.0 (No. 10) 194.3 36.8 63.2 38.4 38 
 0.425 (No. 40) 365.6 69.3 30.7 18.7 19 
 0.210 (No. 80) 430.8 81.7 18.3 11.1 11 
 0.075 (No. 200) 484.4 91.8 8.2 5.0 5.0 
Pan 495.1     
Dry mass of minus 4.75 mm (No. 4) sample, before washing: 527.6 g 
Dry mass of minus 4.75 mm (No. 4) sample, after washing: 495.3 g 

 

*Report 75 µm (No. 200) sieve to 0.1 percent.  Report all others to 1 percent 

Fine check sum: [(495.3 – 495.1) / 495.3] ×100= 0.04% is within the 0.3 percent requirement. 

5. For calculating Fineness Modulus, subtract reported percent passing from 100 to determine percent 
retained. 

#4
#4

#4

CMR
 CPR 100

M
−

−
−

= ×

Coarse sieve information 
on previous page.
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